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Foreword 


In the long and proud history of flight research at what is now called the NASA 
Dryden Flight Research Center, the D-558 project holds a special place as being one 
of the earliest and most productive flight research efforts conducted here. Data from 
the D-558 and the early X-planes enabled researchers at what became NASA’s 
Langley Research Center to correlate and correct test results from wind tunnels with 
actual flight values. Then, the combined results of flight and wind-tunnel testing 
enabled the U.S. aeronautical community to solve many of the problems that occur in 
the transonic speed range (about 0.8 to 1.2 times the speed of sound), such as pitch- 
up, buffeting, and other instabilities. This enabled reliable and routine flight of such 
aircraft as the century series of fighters (F-100, F-102, F-104, etc.) as well as all 
commercial transport aircraft from the mid-1950s to the present. 

At the symposia honoring the 50th anniversary of the D-558- 1 Skyrocket’s first 
flight in February 1948, four D-558 pilots — Stanley P. Butchart, Robert A. 
Champine, A. Scott Crossfield, and John Griffith — plus Air Force Historian Richard 
Hallion offered insightful comments and meaningful anecdotes that deserved a wider 
audience than the few hundred people who attended. To make their recollections and 
related documents available to such an audience, NASA is publishing this volume. I 
am sure it will find a ready reception among the large group of people interested in 
the history of aviation. 

Kevin L. Petersen 

Director, Dryden Flight Research Center 
Frebruary 1, 1999 



Introduction 


The Douglas D-558-1 Skystreak and D-558-2 Skyrocket were, with the Bell XS-1, 
the earliest transonic research aircraft built in this country to gather data so the 
aviation community could understand what was happening when aircraft approached 
the speed of sound (roughly 741 miles per hour at sea level in dry air at 32 degrees 
Fahrenheit). In the early 1940s, fighter (actually, in the terms of the time, pursuit) 
aircraft like the P-38 Lightning were approaching these speeds in dives and either 
could not get out of the dives before hitting the ground or were breaking apart from 
the effects of compressibility — increased density and disturbed airflow as the speed 
approached that of sound and created shock waves. 

At this time, aerodynamicists lacked accurate wind-tunnel data for the speed range 
from roughly Mach 0.8 to 1.2 (respectively, 0.8 and 1.2 times the speed of sound, so 
named in honor of Austrian physicist Ernst Mach, who — already in the second half 
of the 19th century — had discussed the speed of a body moving through a gas and 
how it related to the speed of sound). To overcome the limited knowledge of what 
was happening at these transonic speeds, people in the aeronautics community — 
especially the National Advisory Committee for Aeronautics (NACA), the Army Air 
Forces (AAF — Air Force after 1947), and the Navy — agreed on the need for a 
research airplane with enough structural strength to withstand compressibility effects 
in this speed range. The AAF preferred a rocket-powered aircraft and funded the 
XS-1 (experimental Supersonic, later shortened to simply X), while the NACA and 
Navy preferred a more conservative design and pursued the D-558, with the NACA 
also supporting the X-l research. 

The flight research took place at the Muroc Army Air Field, with participation 
from a NACA contingent under Walter C. Williams that became the core of the later 
NASA Dryden Flight Research Center. While the D-558-1 with its jet engine was 
slower and less glamorous than the rocket-powered, air-launched XS-1, it flew for 
longer durations and thus gathered a lot of data more easily than its Bell counterpart. 
The D-558-2 was variously configured with jet and rocket engines, conventional 
takeoffs and air launchings. But the rocket-powered D-558-2 number 2 became the 
first aircraft to reach Mach 2. 

The number 1 Skyrocket first flew on February 4, 1948. On the 50th anniver- 
sary of that date, the Dryden Flight Research Center held a symposium in honor of 
the event. It was introduced by current Dryden research pilot Edward T. Schneider 
and featured four of the original research pilots — Stanley P. Butchart, Robert A. 
Champine, A. Scott Crossfield, and John Griffith — talking about their experiences 
with the D-558 and its launch aircraft, the P2B-1S (Navy version of the B-29). In 
addition. Air Force historian Richard P. Hallion spoke about the Skystreak and the 
Skyrocket aircraft. 

The previous night, the Center also held a symposium with a different format. 
Instead of each participant making a formal presentation, they all sat in a semicircle 
on stage and held a round-robin discussion, also with Ed Schneider as moderator. 
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Because all of the participants had valuable and interesting comments to make, it 
seemed imperative to preserve and print them so that those not privileged to attend 
the ceremonies could benefit from their recollections. 

Naturally, there was a good bit of overlap in the information presented and stories 
told at the two sessions, so it would have been redundant to provide transcripts of 
both symposia. What I have chosen to do instead is to take as a basis the formal 
presentations made on the actual anniversary day and to integrate into them com- 
ments and anecdotes from the night before that were not included in the daytime 
session. Obviously, this violates the verbatim transcripts not only through the 
juxtaposition of related materials from two separate sessions, but also because I had 
to use my own words to create the appropriate transitions from one sentence or 
paragraph to another in the now-combined document. Despite such violation to the 
verbatim transcripts, I believe that the resultant narrative is true to the spirit of both 
sessions. 

To ensure this, I have circulated the draft of this publication to the participants for 
their correction. I have also added footnotes to explain (or in a couple of instances, 
correct) comments made verbally from memory in front of an audience. The 
participants have contributed to the footnotes in a number of instances. In addition, I 
have appended historical documents from the National Archives about the D-558 
program that add to the materials presented by the participants in the symposia. 

These are purposely scanned as documents into the study (rather than retyped) to 
give something of the flavor of looking at the documents themselves in an archive. 

I believe the resultant publication adds significantly to the available literature on 
the D-558 flight research. It should be of interest to scholars, others interested in the 
history of aviation, and especially people working at or retired from the Dryden 
Flight Research Center. I would like to thank the participants in the symposia and 
Mrs. Gloria Champine for their help in getting their comments ready for publication. 
In addition, Tony Landis was very helpful in selecting photographs to illustrate the 
D-558 story and generously contributed some of these photographs from home to be 
scanned into the monograph. He, Peter Merlin, and Ed Schneider were kind enough 
to read the draft of this publication and offer corrections before it was sent to the 
participants. Besides Tony Landis, other members of the Dryden Photo Lab assisted 
in getting photographs assembled for this publication. I would be remiss, however, if 
I did not point out that I was not able to find several of the photographs used in the 
two symposia. Given the press of other projects competing for my time, I had to 
leave them out of this publication in the interest of getting it ready for printing. The 
All-Quality Secretarial Service of Morris Plains, New Jersey, professionally tran- 
scribed audio tapes from the two symposia, and Kelley Clark of OAO provided the 
tapes through the intermediacy of Lori Losey. Steve Lighthill did an artful job of 
laying out the typescript and photos, and Darlene Lister handled the copy editing in 
her usual professional way. I greatly appreciate the help all of these people provided. 

J. D. Hunley, Historian 

NASA Dryden Flight Research Center 
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NASA DRYDEN FLIGHT RESEARCH CENTER 


SYMPOSIUM ON THE D-558 PROGRAM 


INTRODUCTION: 
FIRST SPEAKER: 
DATE: 

PLACE: 


Ed Schneider 

Dr. Dick Hallion 

February 4, 1998 

Dryden Flight Research Center 


SCHNEIDER: Good morning, ladies and gentlemen. My name is Ed Schneider. 
Welcome to our presentation today. 

Let me carry you back in time now to 50 years ago today, February 4, 1948. 

Here at Muroc, as it was known then, John F. Martin of the Douglas Company 
climbed into a D-558 Phase 2 Skyrocket, and lifted it off the ground for its very first 
flight. On November 20, 1953, Scott Crossfield flew another Skyrocket to a speed of 
Mach 2.005, to become the first man in history to fly faster than Mach 2. 

Today is your chance to join us in a colloquium, which is going to be a piece of 
living history. Our very first speaker is Dr. Dick Hallion. And I would like to take 
some time now to introduce him. And from that point on, Dick will take you through 
the rest of the program. 

Dick Hallion is the Historian for the United States Air Force in Washington, 
D.C., and directs its worldwide historical and museum programs. He’s got a tremen- 
dous amount of experience in this area. Dick has a Ph.D. in aviation history from the 
University of Maryland and has been active as an author, and a curator, and a 
museum operator for many, many years. He’s worked for the National Air and Space 
Museum. He has been the Chief Historian for the Air Force Flight Test Center. He 
worked in staff positions for the Aeronautical Systems Division at Wright Patterson 
Air Force Base. He was a visiting professor at the Army War College and then came 
back for a tour of duty with the Secretary of the Air Force. Since 1991, he’s been the 
Air Force Historian in Washington. 

Dick is a great friend of the DFRC [Dryden Flight Research Center]. He’s a 
tremendous historian and communicator. He wrote a substantial portion of his book 
Supersonic Flight' — which, by the way, is on sale at the gift shop — at the age of 21 
for his college thesis. 

You know, one of the things that we’re big on here at Dryden is our alliance with 
the Air Force Flight Test Center. And it’s been veiy positive, especially under the 
leadership of our Director Ken Szalai, and the leadership of Air Force General 
Richard Engel. And both organizations take credit for many, many things. Well, you 
know, Dick’s got a lot of time doing work for the Air Force. And I think we ought to 
be taking credit for him. So, for starters. I’m going to take credit for him as a NASA 
person today. 

1 Richard P. Hallion, Supersonic Flight: Breaking the Sound Barrier and Beyond, the Story of 
the Bell X-l and Douglas D-558 (rev. edn.: London and Washington, DC: Brassey’s, 1997). 
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I could invest another 20 minutes going through a bio on Dick. If you want to 
read all the details about where he was born, where he went to school, and every- 
thing that he wrote — including 15 books — you can get that off the Internet. Dick, 
in short, is a recognized expert on research aircraft — as well, on the air war in the 
Persian Gulf. He’s quoted frequently in air power magazines and treatises for use of 
air power in the present, and use of air power in future conflicts. 

In fact, and this is a true story, his face has become so familiar that there is one 
executive producer of TV documentaries — I believe she’s located on the east coast 
— who literally begged her staff not to bring in any more scripts with “Hallion” 
quoted as the expert. And the line she used was: “Doesn't anyone else in America 
qualify as an expert?” — or words to that effect. So, a true story. He really is an 
expert. 

Some of the books that he’s written — I know people have seen Test Pilots: The 
Frontiersmen of Flight 2 3 and the very famous On the Frontier: Flight Research at 
Dryden, 1 946-1 981. 3 Dick is going to set the context for our forum today. And he 
will take you through the rest of the afternoon, introducing our speakers. And now 
it’s time to sit back before lunch and enjoy a piece of living history, “The Skyrocket 
D-558 Program — The X-Planes That Weren’t.” And we’re going to learn why that 
is. 

Welcome, Dick Hallion. [Audience applause] 

HALLION: After an introduction like that, you can only go down. So it’s with some 
foreboding that I approach the podium here. 

It’s a real pleasure to get back here. I’ve always enjoyed my personal association 
with Dryden. And I think it’s very fitting today that we’re here to commemorate what 
was an extraordinarily productive research aircraft program — the D-558 program, 
which historically is not necessarily as well appreciated as it should be. The D-558 
aircraft were remarkable airplanes. They were intended originally for research in the 
transonic regime. And you had then one of the variants, the D-558-2, actually go out 
and make the first Mach 2 flight. How that occurred we’ll be hearing about in some 
detail later from our panelists. 

But first, let me discuss the context in which the D-558 program began. If you 
take a look at the history of aviation, you see that in mid-century we had two great 
revolutions. One of those was the turbojet revolution, which promised the ability to 
fly beyond 500 miles an hour. But at the very same time we had this promise, we had 
some very acute problems. We had some deficits in our aerodynamic knowledge, 
caused largely because of deficiencies in the state of wind-tunnel development and 
wind-tunnel testing. And so the second great revolution that comes along then is the 
flight research revolution, which basically is the reason why we have the whole 
transonic and supersonic flight breakthrough coming out of that. 

This revolution has its origins as early as the 1920s really, when people start 
studying the phenomena of the airflow changes around propellers. And then it gets 
applied to fixed-wing aircraft in the 1930s. Because by the mid- 1930s, we were 
starting to see accidents caused to experimental high-performance fighters. The first 
one which seems to have experienced this was the Messerschmitt Bf 109 in 1937, 


2 (rev. ed.; Washington, DC: Smithsonian Institution Press, 1988). 

3 (Washington, DC: NASA SP-4303, 1984). 
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which had an accident due to so-called compressibility effects. 4 

And then of course in this country very quickly we see this with the P-38, 
starting in 1941. And there’s a tremendous acceleration of interest with World War II 
to try to close this transonic gap — this gap between Mach .75 and roughly Mach 
1.2 — to find out what’s taking place here. And although there were many different 
shortcut research methods developed, and although there was a tremendous stimulus 
for wind-tunnel research here, the real solution that people approached — largely 
within the National Advisory Committee for Aeronautics (NACA), and then within 
both the United States Army Air Forces and the United States Navy — was the idea 
to develop transonic and supersonic research airplanes. And out of that comes both 
the Army Air Force’s program, which leads to the Bell XS-1, and then a Navy- 
sponsored program — the Douglas D-558. 

Against this background, we have, early on, some tremendous national security 
needs. We’re going from the World War II time period to a cold war time period. We 
recognize that there’s a tremendous challenge to this country in terms of technologi- 
cal development, because we’re locked head-to-head with the Soviet Union. And 
that’s obviously going to be a very long confrontation. So there’s a very strong desire 
and a very strong need here to master this whole field. And it’s these aircraft that 
really contribute in a very great way to doing that. 

Our first subject is the D-558- 1 Skystreak. How did this program come about? 
There’s a tremendous number of similarities in the way that the D-558 program as a 
whole came about, and the way the X-l program came about. Both of them grew out 
of a need for a transonic research airplane. The National Advisory Committee for 
Aeronautics was very keen on developing some sort of aircraft, vaguely determined 
and relatively unspecified in terms of specific details, that could undertake transonic 
and low supersonic flight testing, and thereby address some of the problems that 
existed in the mid- 1940s with the absence of available wind-tunnel technology to do 
reliable transonic testing. 

There were two schools of thought. One of these favored a rocket-propelled 
airplane. That view was generally expressed by the Army Air Forces. And that 
climate of thinking resulted in the Bell XS-1. And the other school of thought 
favored higher-duration turbojet-powered aircraft. That was very much more in line 
with thinking expressed by NACA engineers, such as the legendary lohn Stack of 
Langley Laboratory. And out of this thinking came the D-558 program. 

The two programs complemented each other extremely well. The XS-1 could 
reach high Mach numbers relatively quickly, of course, but had very little duration. 
The D-558 program could loiter, if you will, in the transonic regime, and collect a 
tremendous amount of data. What’s very interesting in both cases is that there were 
key individuals in the services who played a major role in getting these programs 
going. For the Army Air Forces, Major Ezra Kotcher at Wright Field acted as the 
stimulus within the Army Air Forces to push this proposal. Within the United States 
Marine Corps, working for the Navy Bureau of Aeronautics, Lieutenant Abraham 
Hyatt drew up a specification for a transonic research airplane in late 1944. 

And then also reflecting what happened in the X-l program, you now had a 
requirement for a key industrial figure to become aware of what was going on, and to 
express corporate interest in developing such an aircraft. Well, in the case of the X-l, 

4 Increased density, a sharp rise in drag, and disturbed airflow at speeds approaching that of 
sound (Mach 1). 
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it was when Robert Woods, a Bell engineer, visited Wright Field in December of 
1944, met with his old buddy Ezra Kotcher — and out of that came the X-l program. 
And in the case of the D-558, it was an equivalent visit by a Douglas engineer named 
L. Eugene Root, who visited a buddy of his at the Bureau of Aeronautics named 
Commander Emerson Conlon — and with Conlon, became aware of the Hyatt 
specification. And as Root later said, he “grabbed it, and ran with it,” 5 and took it 
back to Douglas. 

Now as those planes came along in early 1945, both committed to being 
straight-wing designs — different in configuration, but, nevertheless, straight-wing 
airplanes. There was a great deal of rising interest in the swept wing which, in this 
country, had been developed by Robert Jones at Langley, based on some work in 
industry that he had picked up on and elaborated from. And then, when we had the 
discovery in the rubble of Nazi Germany, of the Germans’ tremendous interest in 
swept wings — which dated actually to the 1930s — that accelerated this kind of 
interest. 



R. G. Smith watercolor showing cutaway view of the D-558-1 Skystreak (photograph provided by 
Tony Landis and reprinted with the permission of Boeing, of which the former Douglas Aircraft 
Corporation is now a part). 

Both Bell and Douglas looked at swept-wing derivatives of their airplanes. In 
the case of Bell, they tried to put a swept wing in the X-l, decided it wouldn’t work, 
and launched the X-2 program. In the case of Douglas, the firm simply had a slightly 
better situation. Its contract was for six airplanes. And the last three of those air- 
planes would have had differing wing configurations, in terms of thickness/chord 
ratio and aspect ratio. 6 And Douglas and the Navy got together and basically decided 
to take those last three airplanes and make them overtly swept-wing. And although 
you had this D-558 designation, in terms of actual design continuity between them, 

5 Quoted in Hallion, Supersonic Flight, p. 64, from a letter and recording Root sent to Hallion. 

6 The chord is the distance between the leading and trailing edges of an airfoil (the wing, in 
this case). Aspect ratio relates the span (distance from root to tip) of an airfoil to its area. A 
wing with high aspect ratio is long and slender; one with low aspect ratio is short and stubby. 
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The D-558-1 Skystreak under construction (photograph provided by Tony Landis). 


they were really very different airplanes, as you can tell simply by looking at them. 
But the comparison would be the X-l and the X-2 as basically representing that same 
philosophy for the Air Force-sponsored projects, and then of course the Navy- 
sponsored D-558-1 and -2 separately. 7 

So Douglas very quickly undertook design of a transonic research airplane, the 
idea being here to develop an aircraft that would use the sky as the laboratory. And 
one of the project engineers, A.M.O. Smith — project aerodynamicist — said their 

7 The three D-558-1 Skystreaks bore Bureau Numbers 37970 to 37972 and NACA “tail” 
numbers 140 to 142; the respective bureau and tail numbers for the three D-558-2 Skyrockets 
were 37973 to 37975 and 143 to 145. 
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The cockpit of the D-558-1 showing how it opened. (NASA photo E49-86). 

The D-558-1 in flight in the late summer of 1947 (photo provided by Tony Landis). 



task was basically to build the smallest airplane we could, wrapped around the 
largest airplane engine they could find. The painting by R.G. Smith [page 4], who 
was also a member of the Douglas design team and is now very well known as an 
aviation artist, really indicates to a very great degree what was meant by that. 

You see here an aircraft that is indeed very tiny. It was quite cramped inside for 
the pilot. And it was literally packed with instrumentation. You had a wet wing to 
carry the fuel of the aircraft. You had specially designed, very thin wheels to retract 
within the wing. You could not use a conventional wheel arrangement. The wheels 
and tires had to be specially developed. And then, of course, you had the dominating 
feature, if you will — this very highly refined body-of-revolution type shape that 
indeed earned the airplane the nickname “flying test tube” — wrapped around this 
TG-180 engine. 
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The airplane was made primarily of aluminum, in terms of the wings and tail 
surfaces. The fuselage was constructed of aluminum framing, covered with magne- 
sium sheeting. It carried 634 pounds of instruments, and had 400 pressure orifices 
buried within the wing — which was no mean feat in terms of building the wing at 
that time. The wing section was a NACA 65 section airfoil, 10 percent 
thicknessxhord ratio. This tracked very much later with the number two XS-1 that 
was flown by the NACA, and which formed the basis for the X-1E, which is out 
here, of course, and which had itself a 10 percent thicknessxhord ratio wing. 8 

The D-558 contract was an interesting contract. It specified six airplanes, for a 
total program price of $6,888,444.80. 1 don’t know where they got the eighty cents. 
Now when you translate that into today’s dollars, that’s sixty-two million dollars 
which, for six research airplanes, I think we’d all agree is pretty much a bargain- 
basement price. 

There was an intention to take the last three aircraft and to experiment with 
wings of varying aspect ratio and varying thicknessxhord ratios. Ultimately, of 
course, those three aircraft were not built. Instead, that portion of the contract was set 
aside for the D-558-2. The original aircraft performance specification [for the D-558- 
1] was Mach .82 at sea level, corresponding to 625 miles per hour. And there was an 
18 G ultimate load factor stipulated for the aircraft, which was the same load factor 
stipulated for the X- 1 . 

There were two mock-up conferences on the airplane in July 1945 and August 
1945. In August 1945 the program branched. And we got the substitution for the last 
three aircraft of a new swept-wing vehicle, the D-558-2. 1 will defer discussing the 
D-558-2 until this afternoon. 

The first flight of the D-558-1 was on 14 April 1947 by Douglas test pilot Gene 
May. I have a photo here [page 5] that shows the aircraft under construction. I call 
your attention to the monocoque construction, 9 how the airplane came together. The 
number one airplane was the one that first flew in 1947. The number two airplane, 
which was the first NACA aircraft, was unfortunately the one in which Howard 
“Tick” Lilly died. 

The number one airplane about the time of its first flight was a scarlet aircraft, 
nicknamed “the crimson test tube.” You see how the cockpit opened on the aircraft. 

Now the program moved very, very rapidly. In August 1947, flying both the 
number one and the number two airplanes, we had two official world airspeed 
records set in this aircraft. These broke a British record of 615 miles per hour that 
had been set earlier by Group Captain E.M. Donaldson in a Meteor. 10 The D-558-1 
set initially a record of 640.663 miles per hour, flown by Commander Turner 
Caldwell. These were low altitude record runs, and then on 25 August 1947 — five 
days later — Marine Major Marion Carl reached 650.796 miles per hour. 

Just as in June 1947 you had had a major research program outline developed 
for the X-l, split between the Army Air Forces and the NACA, in November 1947 


8 That is, the XS-1 number two had a ten percent thicknessxhord ratio. The X-1E had a four 
percent thicknessxhord ratio for its wings. 

9 A type of construction in which most of the stresses are carried by the covering or skin. 

10 Actually, as Hallion relates in Supersonic Flight , p. 141, there had been an intermediate 
record of 623.738 mph set by Army Air Forces Col. Albert Boyd in a P-80 on 19 June 1947. 
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Pilots Eugene F. May and Floward C. “Tick" Lilly (viewer’s left to right) beside Douglas D-558-1 
Skystreak number two, the one in which Lilly died. In this photograph, the Skystreak is painted 
bright red. (NASA photo E95-431 16-8). 

you had the same research directive come forth. Basically, Douglas would keep the 
number one airplane for its own purposes, and the NACA would get the number two 
and the number three airplanes. 

In the latter part of the month, at the end of November 1947, we had the first 
NACA flight of the number two D-558-1 flown by Howard Lilly. Winter rains — 
which, of course, are no surprise given what we’ve had recently — winter rains 
closed the lakebed, and the plane did not resume flying until the following spring. 
Unfortunately on its nineteenth flight, on 3 May 1948, Lilly was killed when the 
compressor section of the TG-180 engine — the J35 engine 11 — disintegrated, 
severing flight control lines. The plane rolled inverted right after takeoff, and dove 
into the ground. 

This caused Douglas to make extensive mods on the airplane, and indeed greatly 
influenced the subsequent history of the research aircraft program for the NACA in 
general — in that it put a great deal of emphasis upon ensuring that these research 
airplanes had such things as armoring of flight control systems that were designed to 
have significantly better safety characteristics than had been thought possible at that 
time. At the time of his death, Lilly was the first NACA pilot who had been killed in 
the line of duty. 

In April 1949 we had the program resume, using the number three D-558-1. It 
was flown by Bob Champine, whom we’re fortunate to have with us today. We can 
take a look at a couple of photos here. We have the classic red Skystreak shown here 
with Gene May. And despite that red color, it turned out that it was actually quite 
invisible at high altitudes. So there was a desire to repaint the airplane white to 
facilitate optical tracking. And, indeed, white became the standard color for the 
NACA research airplane fleet. Some portions — the flight control surfaces of the D- 
558-1 — were retained in red, the reason being that the flight control surfaces were 
extremely intolerant to changes in their overall weight and dynamic characteristics 
from having paint added to them. And they had to be left in red, lest there be the 
possibility for flight control surface flutter problems. 


The Allison J35-A-1 1 had originally been developed by General Electric as the TG-180. 




This head-on shot shows how you had a bifurcation in the inlet. If you take a 
look at the inlet, obviously it splits then and goes around the pilot. So that even 
though you have what looks like a nice roomy circle of cross-section fuselage — the 
actual little capsule, if you will, that the pilot fits in is really quite narrow. 



Head-on view of the D-558-1 showing the bifurcation in the engine inlet, forcing the intake air to 
go on either side of the pilot. (NASA photo E49-89). 


The airplane had some interesting construction approaches for its time. It had 
aluminum framing for the fuselage, covered with magnesium sheeting. And then it 
had aluminum wing and tail surfaces. And even more interestingly, you had those 
400 orifices cut into that wing for pressure distribution measurements. When you 
think about the standards of construction for that airplane at the time, it was really 
kind of a tribute to Ed Heinemann’s design team 12 that it was able to do that as well 
as it did. It was really extraordinary. 

To increase mission endurance, the plane was flown with tip tanks. And we have 
here just sort of “the sweet nostalgia of the never-to-be-forgotten moment.” We have 
a nice little photograph here [page 10] showing the airplane in its classic NACA 
markings in white — the number three D-558-1 cruising right along on one of its 
transonic research missions. 

What did the test flights show on this program? Basically, the D-558-1 configu- 
ration exhibited a marked increase in wheel force for trim, as Mach number went 
from about 0.82 to 0.87. It went from about five pounds push to about 30 pounds 
push [depending upon the incidence of the movable horizontal stabilizer 13 ]. Lateral 


12 Edward H. Heinemann was the chief engineer with the Douglas Aircraft Corporation who 
headed the design team for the D-558-1 and D-558-2. See Hallion, Supersonic Flight, esp. pp. 
63-5, 167. 

13 See Melvin Sadoff, William S. Roden, and John M. Eggleston, Flight Investigation of the 
Longitudinal Stability and Control Characteristics of the Douglas D-558-1 Airplane 
(BUAERO No. 37972) at Mach Numbers up to 0.89 (Washington, D.C.: NACA Research 
Memorandum L51D18, 1951), esp. pp. 1, 6-7, 18. Thanks to Ed Saltzman for calling this 
source to my attention and interpreting it. 
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stability deteriorated over the same speed range, and there was pronounced wing 
dropping experience with this aircraft above Mach 0.84. 

The NACA was very interested in this and, as a result, undertook many studies 
here of lateral, longitudinal, and dynamic stability characteristics of the aircraft. One 
of the most distinctive things added to the airplane was a series of vortex generators, 
for which Boeing should forever give thanks, employed to stabilize air flow. They 
worked very well. They were adapted subsequently for a whole range of aircraft — 
the B-47, the B-52 which had great rows of them, the KC-135, on to the 707 family, 
up to the 757, 767, and 777 of the present day and, for that matter, the Douglas A-4 
as well. And this became sort of a hallmark, as a quick fix of the early supersonic and 
transonic era. 

There was an extensive longitudinal stability research program flown with the 
D-558-1 number three airplane in 1950 and 1951. And then that was followed in 



D-558-1 in flight on one of its transonic research missions. (NASA photo E-713). 


1952 by an equally extensive lateral stability investigation. The longitudinal stability 
program consisted primarily of abrupt pull-ups. The lateral stability program 
consisted of taking data during abrupt rolls. And then there was a brief dynamic 
stability program undertaken in the program in 1953, consisting primarily of elevator 
and rudder pulses before the aircraft was relegated basically to use as a test pilot 
trainer. It finally made its last flight on 10 June 1953. And it was returned to the 
United States Navy in dead storage in 1954. 

It’s very interesting to take a look at the D-558-1, as distinct from the -2 
airplane, because it was playing Avis, if you will, to the X-l’s Hertz. But at the same 
time, this airplane — as Scott Crossfield and others have pointed out — was abso- 
lutely critical to giving us a thorough understanding of what was happening in the 
transonic regime. It’s also very interesting to me, taking a look at both programs — 
the -1 and the -2 — to compare the tremendous success we had with these relatively 
complex aircraft and to contrast that with what was happening in Europe at the same 
time where you had, indeed, a whole series of false starts, dashed hopes, dashed 


10 



expectations of whole families of research airplanes that were being developed in 
Great Britain, in France, and elsewhere — where there were tremendous national 
resources and industrial resources going into these. And the programs were not going 
along at anywhere near the pace that they should. 

We’ll certainly hear a lot more from our guests this afternoon when we resume 
the conference. But I would hold that one of the key things in making the American 
program a success was not merely the design of the airplanes — because the air- 
planes were very well thought out and extremely well crafted — which, as I’ve said, 
is a tremendous tribute to the design team headed by Ed Heinemann at Douglas, but I 
think also a tremendous tribute to the NACA here at Muroc, which was then the 
High-Speed Flight Research Station headed by Walt Williams. 

And Walt Williams, of course, is a name that’s not unfamiliar, certainly, to 
people in this audience. 14 But it’s well worth mentioning, again, that in my view, 

Walt Williams was probably the finest flight test researcher and research director that 
this country produced. His impact and his imprint was on every major aerospace 
revolution, literally going from the transonic era of the late 1940s all the way through 
the landing on the moon in 1969 and beyond. 

We have a number of people who will be receiving due mention and deserved 
mention today, and 1 would think that it’s very fitting that the first of those that we 
single out for special mention is the late Walter C. Williams who, of course, loved 
this Center with the same intensity and passion that he brought to the love of aviation 
in general. 

I would also like to point out that the very fine audiovisual materials which 
you’ll be seeing today have been pulled together, particularly in the case of the 
photos that I’m using, from the photo archives here at Dryden, which is a unique 
historical resource. And we have Tony Landis to thank for that. And I appreciate 
Tony’s doing that very much. 

And I would also like to mention that in addition to the very distinguished guests 
we have here today who flew the aircraft and who maintained the aircraft, we have a 
member, indeed, from the Douglas design team — who worked on this aircraft — 
Charlie Delavan. And Charlie, if you’d stand up — I’d like you to take a bow. 
Because [audience applause] without people like Charlie, we certainly would not be 
able to have this symposium we’re having today. 

[BREAK FOR LUNCH] 

HALLION: We now come, I think, to the real meat of the program. We’re going to 
have presentations by our very distinguished panel of guests. First, two presentations 
on the D-558-1. Then we’ll have a discussion on the D-558-2, followed by some 
presentations on the D-558-2. So what I’d like to do at this point is to have our 
distinguished guests please stand up. Bob Champine and his lovely wife, Gloria; 

John Griffith and his wife, Maxine; Stan Butchart; and Scott Crossfield. We're 


14 Williams was the first head of what later became the Dryden Flight Research Center, where 
he was instrumental in the successes of the early research aircraft and helped prepare the X-15 
program before leaving the High-Speed Flight Station in September 1959 to become Associate 
Director of NASA's newly formed Space Task Group created to carry out Project Mercury. 
After serving with the Aerospace Corp. on the Gemini and Titan III vehicles, he joined NASA 
Headquarters as Chief Engineer. 
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honored, indeed, gentlemen that you’re here today. I also want to recognize in the 
audience Donna Termeer, who’s here from Assemblyman George Runner’s office. 
Donna, welcome to the session. We're delighted to have you with us today. 

If we take a look at visual images of the D-558-1 and D-558-2 [scattered 
throughout this volume], we see how evocative these aircraft were, and you think 
that there’s a revolution taking place in aviation at this time. We’re seeing a radical 
transformation literally, from the era of propeller-driven airplane to the era of the 
supersonic jet aircraft. They had a certain beauty, I think, that was all their own, and 
frankly, the shapes were extremely evocative. I think when you look at something 
like an F-86 or the D-558-2, that we haven't developed any aircraft since that time 
that really had that same degree of elegance. There was something there that I think 



Walt Williams, Scott Crossfield, and Joe Vensel, Flight Operations Manager, (viewer’s left to 
right) beside the D-558-2 on November 20, 1953, the day Crossfield exceeded Mach 2. (NASA 
photo E-1 097). 


resonates very deeply with us. 

As I said earlier, we’re very honored to have the individuals who actually flew 
these aircraft with us today. We’ll start first with recognition of two individuals who 
played a major role in the D-558 program — Bob Champine and John Griffith. 

These individuals — both of them — had very distinguished flying careers. 

Bob Champine graduated from the University of Minnesota in 1943 with a 
bachelor’s degree in aeronautical engineering, went through the civilian pilot training 
program, and became a naval aviator. After leaving active duty in 1947, he joined the 
staff of the NACA’s Langley Memorial Aeronautical Laboratory at Hampton, 
Virginia. He did a lot of work there on an airplane that’s a relative rarity — people 
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don’t think of it too much — the Bell L-39, which was a swept-wing variant of the P- 
63 Kingcobra. Despite that “39,” it had no relationship to the P-39. It was a very 
important low-speed, swept-wing test bed, for a number of swept-wing aircraft, 
including the F-86, the D-558-2, and the Bell X-2. He was transferred out to 
Edwards in October 1948, did early research flying on both the X-l and the D-558 
program, went back to Langley, did a tremendous amount of work at Langley 
through the years on a whole range of aircraft, from high performance airplanes 
through vertical take-off and landing aircraft. Bob became Langley’s Senior Test 
Pilot and retired in January 1979, two days after making his last research flight at 
NASA's Wallops facility in a CH-47 helicopter. A 31 -year career. An utterly distin- 
guished gentleman. 

The other individual who's here today is equally distinguished — John Griffith. 
John undertook some studies at Thornton Township Junior College in Harvey, 

Illinois, graduating as valedictorian in pre-engineering. He went into the Army Air 
Lorces in November 1941, served in the war in the South Pacific, and flew 189 
missions in New Guinea in some very tough times, under some very daunting 
conditions. He was awarded two Distinguished Plying Crosses and four air medals 
for service in New Guinea. He left the service in October 1946, went back to study 
aeronautical engineering at Purdue University, and graduated with honors in aero- 
nautical engineering from that university. He then joined the NACA at Cleveland, 
where he did some very interesting work in early ramjet testing. That was one of 
Cleveland's big projects in those days. Some icing research work — something else 
they were very well known for. 15 Then, of course, he came out here in August of 
1949 and flew in the early X-series aircraft — the X-l, the X-4, the D-558 program. 
He left the NACA in 1950, joined Chance Vought, and worked there for a period of 
time doing experimental flight tests on the P7U Cutlass, had a career with United 
Airlines, with Westinghouse as the Chief Engineering Test Pilot, and a six-year 
career with the PAA doing a lot of work assisting in the attempt to develop the first 
supersonic transport. He had a second tour of duty as a flight instructor with United 
and flew the line with them for about seven years. We’re very fortunate to have John 
here as well. 16 

These individuals — and certainly when we talk about Stan and Scott later — 
you'll see that these were very tough individuals. They were tough individuals 
dealing with very difficult times. They did very well, and have continued to do so. 

To give you an example. Bob here — hale and hearty as he looks — Bob is 
recovering from a stroke — fortunately mild. He had it two months ago. He’s made a 
remarkable comeback. As a result. Bob doesn't feel terribly comfortable at times 
speaking. And so. Bob, I’d like you to stand and once again be recognized by our 
audience. He’s left a very fine written memoir that he prepared for this conference. 
But he's discussed this with John, and John will be handling Bob’s portion of the 
discussion here on the D-558. 

So at this point. Bob, I’d like you and John to stand up. And, John, you can 


15 The NACA’s laboratory in Cleveland, established in 1941 and renamed in honor of George 
W. Lewis, NACA Director of Aeronautical Research from 1924 to 1947, in 1948. participated 
substantially in the NACA’s studies of aircraft icing in this period. 

16 These introductions include elements from Ed Schneider's introductions the previous night 
and additions by John Griffith. 
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come forward to the podium. [Audience applause] 

GRIFFITH: This is a paper that Bob and his wife have prepared. And I will read it 
as written here: 

Good afternoon. I’m happy to be with you today. I thank Mr. Kenneth Szalai, 
Center Director, and Mr. Cam Martin of External Affairs for inviting us to Dryden, 
particularly to be with my fellow aviators John Griffith, Scott Crossfield, Stan 
Butchart, Ed Schneider, and our good friend Dr. Richard Hallion, without whose 
dedicated research effort and pilot interviews the detailed history of supersonic flight 
would be forever lost. The complete records just do not exist today. 

I’m Bob Champine — a kid who grew up in Minneapolis, Minnesota, with my 
eyes to the heaven and my heart with wings. I used to ride my bicycle over to World 
Chamberlin Airport in Minneapolis to clean out hangars, wash airplanes, and do 
whatever I could to be offered just one ride — a ride in an airplane. My first ride was 
in a Fleet. I was about 12, and didn’t tell my mother because she might not let me go 
to the airport again. I started flying a Piper Cub in the summer of 1939 and soloed in 
July 1940. 1 had to do a lot of sweeping, washing, and polishing airplanes to get that 
far. Between my building model airplanes, and competing in model meets — 
winning a lot of the time — and time I spent at the airport, I didn’t have a lot of time 
for my school studies. I was just an average student. 

When I graduated from Roosevelt High School in 1939, 1 wanted to learn to fly. 
But my mother said, “If you like airplanes so much, you need to learn to design 
them. I want you to go to college and study to be an aeronautical engineer.” This was 
difficult because of my less-than-exceptional grades. After several conferences with 
my high school principal and also with the admissions office, I was finally accepted 
at the University of Minnesota in the Institute of Technology’s Aeronautical Engi- 
neering Program, backed both by my mom and stepfather, Clifford Champine, who 
agreed to pay my tuition. I started college that fall. I really had to buckle down and 
study, as studying did not come easy to me. It was difficult. But my drive to become 
an aeronautical engineer made the difference. 

While I was in college. World War II started, and I began primary flight training 
under the Naval Civilian Pilot Training Program, and upon graduation in 1943, was 
commissioned an ensign in the U.S. Navy. Since I wanted to be a naval aviator, I had 
to give up my commission and enroll in the Naval Cadet Program at Pensacola. At 
the end of my training, I was commissioned a naval aviator, and my mother pinned 
my wings on me in Pensacola. That was a proud day. 

In 1947 when my Navy term was up, I was stationed at the Naval Air Base in 
Norfolk, Virginia, flying [F4U] Corsairs. Through my studies at the University of 
Minnesota, I learned of the outstanding reputation of the National Advisory Commit- 
tee for Aeronautics, which was just across the river from Norfolk at Hampton, 
Virginia. With the approval of my superior in Norfolk, I flew my Corsair over to 
NACA, landed in front of the hangar, and rolled up to the large office building 
attached to the hangar. I swung the tail around smartly, folded up the Corsair’s 
wings, climbed out, and asked, “Who's the boss here? I would like to talk to him.” 

Of course, everyone there was looking out their windows watching me, and I had no 
trouble locating the head of the Division, Mr. Mel Gough, and head of the pilots, Mr. 
Herbert Hoover. I told them I was coming out of the Navy shortly, and would like to 
come to work for NACA Langley Laboratory as a test pilot. I was told to fill out the 
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government forms for employment and they would look at them. The requirement 
for a test pilot was 1,000 hours of single-engine and transport flying, and I had only a 
little over 900. 

Well, they offered me a job as an aeronautical engineer scientist, and I wasn’t 
too happy about that. I wanted to be a test pilot, and not a scientist behind a desk. I 
told them that if they could not hire me as a research pilot, then 1 was going to use 
my G.I. Bill and go to helicopter school at Sikorsky in Connecticut. After discussions 
with Mr. Hoover, Mr. Gough said, “Aw, hell, come on with us as a research pilot and 
well teach you to fly helicopters here at Langley.” I accepted. 

After receiving my discharge from the Navy, I remained with the Naval Reserve. 
I found a room in a home in Hampton, Virginia, and began working at NACA in 
December of 1947. Was I thrilled! Langley had many airplanes and helicopters, and I 
was just itching to get my hands on the controls. Not long after I was hired, Mr. 



Bob Champine and Herb Hoover beside the XS-1 . (NASA photo E49-5. 


Herbert Hoover, my mentor and dear friend, gave me a manual and told me to take it 
home; we were flying the B-29 in the morning. This is the way a lot of my training 
went: read the manual, and then we would go out flying. 

I was just thrilled with the opportunity I had and didn’t realize that my salary 
was only about $50.00 a week. I had saved $5,000 in the Navy and bought an old 
Ford car, and I was just the happiest soul on earth. Everyone in the Pilot’s Office 
knew about a super-secret project that was going on in the California desert at the 
time. But I was happy where I was with just the best job in the world. I was a test 
pilot with NACA. It doesn't come any better than that. 

In California, the XS-1 aerodynamic research program was continuing. Chuck 
Yeager broke the sound barrier in the Air Force XS-1 6062 October 14, 1947, and 
Herb Hoover, the second man, broke the sound barrier on March 10, 1948, in the 
NACA XS-1 6063. 17 Howard Lilly from the NACA Cleveland Laboratory and 


17 The full designations for these two aircraft were 46-062 and 46-063. but they bore the 
shortened designations 6062 and 6063 on their tails. 
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Hoover continued with the research program, and on March 31, 1948, Lilly exceeded 
Mach 1 on his third XS-1 flight. In May 1948 he was killed on his nineteenth flight 
of the D-558-1 number two. 

Hoover needed another pilot at Muroc, and quietly approached me about going 
out there. I didn’t know at the time that other pilots had been approached and, for 
various reasons, turned the assignment down. I was thrilled to say yes, but I had two 
conditions: (1) Let me fly all the planes Langley had before I went to California, and 
(2) I would return to my job at Langley. I had a ball flying everything in the hangar 
at Langley and being under the wing of Herbert Hoover who, behind closed doors at 
Langley, gave me critical instruction on the flying qualities of the XS-1 number two, 
and on NACA's aerodynamic research program. 

When he decided I was ready, I left Langley and drove my old Ford out to 
Muroc in October 1948. Hoover remained at Muroc to train me, and on November 1, 
1948, he turned the X-l over to me. I made my first flight on November 23rd. I 
became the sixth [pilot in the XS-1 and D-558 series] to reach Mach 1 December 2, 
1948, on my fourth flight. 

This table shows research flights that John Griffith and I flew in 1948 through 


1950: 

Bob Champine 

John Griffith 

Aircraft 

NACA Research Pilot 

NACA Research 

X-l 

13 flights 

9 flights 

X-4 

0 flights 

3 flights 

D-558-1 

9 flights 

16 flights 

D-558-2 

12 flights 

8 flights 


During my X-l flights, there were a couple of incidents I would like to share 
with you. After settling in the X-l beneath the B-29, 1 experienced a radio failure 
prior to launch. Using my knee pad, I wrote a note on a flight card “secure the drop,” 
which, in my Navy lingo, meant stop. The note was passed through the bomb bay to 
the Air Force crew on the B-29. They thought everything was secure. They dropped 
me! I had to scramble to get the radio working. But I had it fixed and completed the 
flight okay. 

On another flight, the cockpit camera just over my shoulder broke loose during 
the flight, and went slamming around inside the cockpit. I began to jerk the wires out 
and stash the camera beneath my leg, but not before it cracked the inner windshield. 
As I was attempting to land, the windshield frosted over, and I could not see. I put 
my thumb on the windshield, and melted a very small spot. I was able to put my eye 
close to it and see well enough to land on the dry lakebed. [Aside by John Griffith:] I 
might say that any of you who have seen the X-l could see that the visibility for 
landing was not the best, since they wanted the windscreen to conform to the shape 
of a .50 caliber rifle bullet. But sometimes it did frost over, and then the chase plane 
would be telling you how high you were, and you hoped that you'd hit the lake at the 
right attitude. If you hit the lake with the nose wheel first, the X-l was out of control, 
and there were a lot of people, including myself, who started bouncing along the lake 
as a result of the nose wheel hitting first and breaking off. Anyway, to get back to 
Bob’s story here: 
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This photo gives you an aerial view of the base, with Rogers Dry Lake in the 
center. When we were here, there was a railroad going across. But we still had seven 
miles north and south and five miles east and west. Usually when we were landing 
the X-l, we'd shoot for about the one-mile marker, and usually didn’t miss it by very 



Aerial view of what was then (1948-49) called Muroc Air Force Base (now Edwards AFB) and 
vicinity. In the center, shaped somewhat like an hourglass, is Rogers Dry Lake (sometimes 
referred to as Muroc Dry Lake). (Photograph supplied by Bob Champine, available as NASA 
photo EC98-44613-1). 

much. [Comment by Griffith:] I think there was one day that Bob was a little low on 
the base leg and he said, “Please advise.” And the only advice I could think of was, 
“Our Father, who art in heaven.” 

Here is a picture of myself. Chuck Yeager, and Herb Hoover. The next is a 
picture of Mr. Hoover when he received the Air Force Association Award in 1948 for 



Bob Champine, Chuck Yeager, and Flerb Floover (viewer’s left to right) standing next to an X-1 . 
(NASA photo EC98-44613-4, originally supplied by Bob Champine). 
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Herb Hoover with his Air Force Association Award in 1948. (NASA photo EC98-44613-7, 
originally supplied by Bob Champine). 

his flight as the first civilian and the second man to break the sound barrier. He also 
received the Octave Chanute Award that year. 

In the next photo, you can see just how small the X-l was compared to the B-29 
drop plane. Another one lets you see how we entered and exited the aircraft. Once 
inside, we were in. No thought of escape; we had to land it. Research flights were of 
short duration — maybe about 15 minutes of actual flight time. Then days and 
sometimes weeks would pass before there was another flight, and I was anxious for 
more flight time. I made good use of my Naval Reserve status, and was assigned my 
weekend warrior duty at Los Alamitos, California. Since I didn’t want anyone to 
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know my actual job at Muroc, I would take the Muroc C-47 and fly it by myself, 
would park about a mile away, and walk down the flight line to my assignment as an 
ensign in the Naval Reserve. I was able to get a lot of flying time there and had great 
fun. 



X-1 predominantly flown by NACA pilots next to its B-29 “mothership.” (NASA photo E-9). 


Bob Champine exiting the X-1. (NASA photo EC98-44613-2, originally supplied by Bob 
Champine). 
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The next photograph shows our X-l (6063), after it was modified for other 
research flights, as it stands today — proudly, in front of the Administration Building 
here at Dryden. 



Original NACA X-1 , modified as the X-1 E, in front of the Headquarters Building at NASA Dryden. 
(NASA photo ECN 12506). 


During the X-1 period, NACA took delivery of the D-558-1 number one 
Skystreak which was relegated to spares support. NACA test pilot Howard Lilly flew 
the D-558-1 Skystreak on its first NACA flight in November 1947, about six months 
before he was killed after engine failure on takeoff on May 3, 1948. In 1948, the D- 
558-1 Skystreak number three was delivered to NACA, and I made NACA flight one 
on April 22, 1949, for pilot familiarization. 

The next two photos show the Skystreak on the ground, and then in flight. I 
made nine flights in the D-558-1 Skystreak and 12 flights in the D-558-2 Skyrocket, 
making NACA flight one on May 24, 1949. The next photo [page 22] shows the 
Skyrocket on the ground, taking off with a JATO assist. 18 

My thirty-two years as a test pilot for NACA/NASA were wonderful times — 
from flying the X-1, to spacecraft rendezvous, and simulated landings on the moon. I 
had it all. Thank you. [Audience applause] 

GRIFFITH: Well, to turn to my own experiences, as Dick said, I grew up in 
Homewood, Illinois, near Chicago. And Green Three went very close to our house, 
which was one of the early air routes that went from Chicago, to Goshen, to Toledo, 
to Cleveland, and to New York. Early in the 1930s, I could see Boeing 247s going 
over, and later on the DC-3s. Sometimes when I saw the airplane going over, I would 
lie down in the yard, and just lay there and look at it. I thought it would really be a 


18 JATO is the acronym for jet-assisted take-off; despite the term “jet,” the device assisting the 
take-off is actually a small, solid-propellant rocket. 
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Bob Champine next to the D-558-1. (NASA photo EC98-44613-5, originally supplied by Bob 
Champine). 


great thing to be up there flying that airplane. 

The Depression wasn’t too good to me and my family. We lost our home, and I 
went to live with my aunt before I finished junior college. But I was valedictorian of 
my class in the junior college after two years. At that point, I took my physical, and 
was accepted in the Army Air Corps. It almost turned me down because I had 
malocclusion [of the upper and lower teeth], I never could figure out how that was 
going to affect how I could fly an airplane, but anyway, they could see the war 
coming. I think they were taking everybody that was really in physical condition, and 



D-558-1 in flight, still painted its original bright red color. (NASA photo EC98-44613-3, originally 
supplied by Bob Champine). 
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had the eyesight, and depth perception, and things like that to get in the program. 

As Dick said, I went to New Guinea. I was in the Army Air Corps [and Army 
Air Forces] for five years, getting out in 1946. In the spring of 1946, Aviation Week 
and some of the other magazines I was reading were talking about the X-l, and the 
glide flights they were making in Florida. 19 Eventually it got to the point where the 
news was out that [Chalmers] “Slick” Goodlin was asking for quite a large sum of 
money to fly supersonically with the airplane. 20 



D-558-2 taking off with jet assisted take-off (JATO). (NASA photo E49-21 9). 


So I wrote a letter to Bell Aircraft. I said I was an honor student in the third year 
of aeronautical engineering at Purdue, had 1,200 [flying] hours, 189 combat mis- 
sions, and had done a lot of flying with fighters — and that I’d like to come and fly 
the Bell X-l. After I was flying the X-l for the NACA, we went to the [variable- 
sweep] X-5 mock-up at Bell. I talked to some people who said there were quite a few 
individuals who had written in and said that they would like to fly the X-l. I don’t 
know whether they were interested in the money, or whether they just wanted to fly 
the airplane. Scott Crossfield said he just wanted to fly the airplane. I think he wrote 
a letter, too. 

Well anyway, I graduated from Purdue, and people came to interview us for a 
job. In 1948, the average engineer starting salary was about $250.00 a month. I 
interviewed with Ed Gough, who was Mel Gough's brother, and another engineer 


19 The first glide flights occurred at Pinecastle Field, Fla., before the project moved to Muroc 
Army Air Field (later Edwards Air Force Base). 

20 In fact, the story was perhaps somewhat exaggerated; Goodlin’ s contract arrangements with 
Bell were consistent with then-industry practices. See Louis Rotundo, Into the Unknown: The 
X-l Story (Washington, DC and London: The Smithsonian Institution Press, 1994), pp. 126, 
226-230. 
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who came down from the [NACA’s] Lewis Lab [in Cleveland], and they accepted 
me. They were going to pay me $3,727 a year. That turned out to be about $140 
every two weeks, which we got along with all right. It only cost 27 cents for a T-bone 
steak, so the salary was commensurate with what things cost. 

I was in icing research in Cleveland. I don’t think we want to spend a lot of time 
with that. I do remember we flew the B-24 once with enough ice on it that the 
propellers were rubbing the ice on the engine cowlings! The post or the support for 
the air speed indicator was underneath the airplane, and the ice was sticking out far 
enough on the support that even with the pitot heat on, the ice went around a little bit 
in front of the pitot tube. We [had to fly] the Insttument Landing System using pitch 
attitude rather than air speed to get back in at Cleveland. 

Well, they had an opening here at Edwards, and I said I wanted to fill it. So I 
went to Langley and flew a lot of the airplanes that Bob talked about. The L-39 was 
the first airplane I ever flew in which you could push on the left rudder and the 
airplane would roll right, which took a little bit of getting used to. 

Another airplane they had at Langley that was interesting was the [North 
American] P-51 [Mustang]. In a compartment on the right wing, they had set up a 
balance. There were airfoil models that could be put out into the wind stream. And 
when the P-51 was going 0.75 Mach number, the [accelerated] air over the top of the 
wing was going Mach 1.2. So they were getting Uansonic and supersonic lift, drag, 
and pitch characteristics of various airfoils with this model on the wing out there. 

This gave a little bit of feeling for what had happened to a lot of the Army Air Corps 
pilots that were in the P-51s and the P-38s. A fair number got into dives that they 
didn’t pull out of. In the P-51, you could be pushing 40 pounds [stick force] at 0.7 
Mach number. At Mach 0.72 it was almost neutral. By Mach 0.76 you had 160 
pounds force on the stick, and you might or might not be decreasing the angle of the 
dive with that 160 pounds. Some pilots went on in the steeper dives and tried to trim 
out of it. When the air got a little denser, and the temperature went up, and the Mach 
number dropped off, they had [sufficient] trim in the airplane to pull the wings off. 

So there were a lot of unknowns that happened in the Uansonic speed range. 

When I was in New Guinea, we had a pilot that was in our [Curtiss] P-40 
[Warhawk] squadron and had an opportunity to get with a [Lockheed] P-38 photo- 
reconnaissance squadron that was just across the river from where we were. He ate 
lunch with us one day and said, “I don't think this P-38 talk is really anything 
serious.” He said, “I’m going to go up this afternoon and really dive one.” Well, later 
on that afternoon we saw him coming down. From the point where we first saw him 
‘til he hit the ground, he went into a steeper dive. I don’t understand why he didn’t 
pull the throttles back. He buried the engines about 30 feet in the ground. So it was 
pretty obvious that when you went into the Uansonic speed range, the center of lift 
on the wing moved aft, and that made the nose go down. 

I got a P-40 up to about 32,000 feet and came straight down, and I first experi- 
enced a stick that felt like it was cast in about two feet of concrete. It just doesn’t 
move back until you get a little denser air, and the drag increases, and the tempera- 
ture goes up a little bit, and the Mach number comes back. If you throttle back, it’s 
easy enough to pull the airplane out. This experience went on with quite a few people 
that flew P-5 Is and P-38s. Lockheed eventually put a flap underneath the front of the 
wing, so that if you got into that kind of Uouble, you could open that flap and pull 
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out. 


But we got to Edwards here and started the Skystreak program. As Dick said, it 
was a beautiful airplane and really a lot of fun to fly. We were doing a lot of flying 
between 0.8 and 1.0 Mach number. Quite a few of the flights that I was on were very 
close to Mach 1 . As a matter of fact, one of Dick’ s flight numbers shows me going to 
Mach 0.98-1.0. We were measuring the pitch characteristics, and, of course, the 
pressure distribution over the wing, and all the stability and control aspects of flying 
through Mach 0.80 to 0.99 — which was giving a lot of information that was pretty 
much needed to keep these airplanes out of trouble when they got going in that speed 
range. 

So this was a pretty first-hand experience to indicate that there was some reason 
that we really needed to get into these transonic research airplanes and determine 
what it was about the airplanes that we were flying that would enable them to fly 
safely at transonic speed and into supersonic speed. 

There are so many things that can happen when you start getting into the 
transonic speed range — especially instability of the airflow. The normal lift distri- 
bution peaks near the front of the wing. That breaks down and moves aft as local 
Mach 1 speeds are reached and that makes the airplane pitch down. And then there 
are other characteristics on some of the airplanes that might cause it to pitch up. 

One of the flights that I made with the D-558-2 was a series of pull-ups at 200- 
240 knots. Anyway, in a pull-up, when the airplane got to a pitch-up angle of attack, 21 
it would be interesting to see the position of the horizontal tail in the wing wake in a 
pitch-up. I expect that when the pitch attitude of the airplane was such that the 
downwash from the wing went over the horizontal tail, it pitched up quite sharply. 
Well, at 220-240 knots, it wasn’t too bad. But at maybe 280 knots, when I hit that 
point, without my doing anything except pushing against the stick, the airplane 
pitched up to a stall and a snap roll. I had done a lot of snap rolls in my life. It 
wasn’t any problem to pull out of a snap roll, but quite a surprise to be doing a pull- 
up, and all of a sudden the airplane’s going out of control. 22 

I guess you all know that in those days, most of our data was on an oscillo- 
graph 23 that was about this wide [holds hands slightly apart]. And the distance from 
the baseline to the location of the parameter was an indication of your speed, or 
altitude, or stick force, or G force [acceleration equal to the force of gravity or a 
multiple thereof], or all the various things that we were measuring. Sig Sjoberg 24 told 
me when I was going to do this stall that was on the flight plan, “We’d like to see 


21 The angle of attack (AoA) is the relationship of the aircraft to the relative wind. At a 45° 
AoA, the aircraft is pointing 45° above the airstream. 

22 Pitch up was violent at high speeds but was much milder at moderate speeds and not 
noticeable at approach-to-stall speed. 

23 In the early years, an oscillograph recording system collected flight data on film for 
processing by female “computers” into usable engineering data. In 1967 a more sophisticated 
pulse code modulation system replaced the oscillograph. See Sheryll Goecke Powers, Women 
in Flight Research at NASA Dryden Flight Research Center from 1946 to 1995 (Washington, 
DC: NASA Monographs in Aerospace History #6, 1997), esp. pp. 12-14, 45-49. 

24 An engineer at the NACA High-Speed Flight Station (later NASA Dryden Flight Research 
Center). 
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what happens with this airplane when we have the gear and the flaps down, and 
we’re at the end point of the stall approach.” 

Well, this data point was a little late in the flight, and I had gotten down to about 

14,000 feet. The airplane never would go real high with just the jet engine. But 
anyway, I got the gear and flaps down, slowly approached a stall, and pretty soon I 
felt like things were getting pretty loose with this machine but no pitch-up was 
noticeable. I thought: well, Sig wants it really slow, so we'll keep on coming back 
here. So I came on back to the point where the right wing dropped and the airplane 
started yawing to the right. I thought it was about time to stop this and recover. But it 
did maybe a turn of a spin. The airplane spin recovery characteristics were unsatis- 
factory with the gear and the flaps down, so as I was rolling into this wing dropping 
and yawing, I was putting the gear and flaps up. I knew it wasn’t going to be long 
until I was going to be going quite a bit faster than I was going then. But I got the 
nose down, and got a little speed up. And as soon as I had the nose down and the 
speed up, why the airplane was flying — but I was in a very nearly vertical position. 

I later checked the telemetering data, and determined that I did the stall at 

14.000 and pulled out at 7,000 feet. Well, the lakebed was at 2,400 feet. I think from 
then on, if I was going to do any stalls. I'd be at 20,000 feet. Walt Williams was 
watching this from the lake. They drove the car out to be somewhere near where I 
stopped when I landed. And he was looking at it with his field glasses. When it slid 
off into the spin, he handed the glasses to Joe Vensel 25 and he said, “Here — you 
look!” 

Another point about the D-558-1: 1 think the wing on the D-558-1 was about 
150 square feet. And that made the stall speed a little high in some cases. I know that 
I was doing a clean configuration stall according to the flight plan. And I felt pretty 
good at 150 [knots] indicated [airspeed]. At about 149, why I had dropped 1,000 feet. 
And so things quit all of a sudden. As far as the high speed part of it was concerned, I 
flew 1 know at least three or four flights that went above Mach 0.97. We did several 
runs from a lower speed to that high nine-tenths with different stabilizer settings. 

And this gave us a pretty good indication of some of this tucking that I was talking 
about that went on with the P-38 and the P-51. However, I do remember some 
buffeting and some trim changes, and things like that. But I felt like it was really a 
pretty good airplane to fly up to near Mach 1. And I enjoyed flying the airplane. I 
thought it was a lot of fun. 

I can’t really think of any more things that are directly tied into the D-558 
program. I do know that, as Dick said, in the X-l it was a short shot. You'd get to 

50.000 feet, and start down with four rockets, and maybe get up to Mach 1 .2 at the 
most. And near the end of that time, we’d do a roll or a pull-up, or some kind of 
maneuver that would give them a little more information about handling qualities at 
those speeds. And it was not a very long time. Soon as the fuel was gone, you 
jettisoned the residue. Then it was a no-power flight to the lake. 

They were going to have a movie called Jet Pilot , and X-l number one was 


25 A distinguished NACA and Navy pilot, Joe Vensel transferred from the NACA’s Aircraft 
Engine Research Laboratory in Cleveland, Ohio (later NASA’s Lewis Research Center), to the 
not yet officially named NACA Muroc Plight Test Unit (later NASA’s Dryden Plight Research 
Center) as Chief of Plight Operations in April 1947. He remained in the position until his 
retirement in December 1966. 
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going to be used for that. The crew came up from Los Angeles — the movie crew. 
They were painting the airplane, and they had some talk about people’s salaries. I 
heard the salaries these guys were making in the movie crew, and it was more than I 
was making. I thought: if I’m going to be up here flying this X-l, I ought to get a 
little more money. 

And I really don't know why. But it was just a few days after that that J.R. Clark 
came from Chance Vought. And he offered me a job that paid almost twice the salary, 
and with the bonus program, I could maybe earn four times the salary I was making. 
What he didn’t tell me was that in the various X models of the F7U Cutlass, they 
crashed five airplanes and killed three pilots. 26 1 didn’t know that when I went to 
work for Chance Vought. But when I got there, from some of the flying that I did, I 
found out why. I worked for them for a year, and I figured I'd like to see my kids 
graduate from high school. So I went to work for the airlines. 

I do think I probably have time to talk about one episode with this Chance 
Vought Cutlass that ties into the “tuck” problem that we had with the P-38 and the P- 
51. The F7U-1 was built with a hydraulic power control system. And if you had lost 
complete hydraulic power, they had a spring tab system as a backup. It was a 
mechanical system that could be used to recover the airplane if you lost all your 
hydraulic pressure. The airplane would fly quite well on the spring tab system if you 
weren't going fast. 

So this was the bonus program I was on. I was supposed to see how fast the 
airplane could go and still be recovered with the hydraulic control system shut off. I 
made several practice runs where I shut off the hydraulic control system, but I didn’t 
shut off the hydraulic power that opened the speed brakes. On the day that I was 
working for this bonus program, there was going to be a complete hydraulic failure, 
and I was going to have to open the speed brakes with a high-pressure air bottle. 

Well, the airplane would only get to maybe 37,000 or 38,000 feet. And the higher I 
went, the more money I was going to make. So I was trying for altitude for a long 
time. 

At about 38,000 feet, I pointed to at least a 60-degree dive angle. And then by 
29,000 feet I had slightly over Mach 1, and shut off the hydraulic system. I only had 
three things to remember. And I think I should have had a checklist to remember 
these three things. The first thing was to shut off the boost. The next one was to open 
the speed brakes. Well, that was easy enough. I opened the speed brakes, and nothing 
happened that I could tell. So instead of pulling back on the throttles, I started 
thinking: what’s the matter with these speed brakes? So I looked in the mirror, and 
they were just open a little bit. And about this time I looked back in the cockpit, and I 
was already at 18,000 feet. And the thousand-foot needle was going around more 
than once a second. I went from 33,000 to 13,000 feet in less than 20 seconds. But 
instead of pulling the throttles back, I turned the boost back on. I was pulling about 
90 pounds with one hand, and as the boost came on, I could easily have pulled the 
wings off the airplane. But I relaxed that pressure back to about 45 pounds as the 
airplane approached six Gs. I was aware that the airplane design parameters were six 
Gs at 520 knots equivalent air speed, and I was doing 560. But without a G-meter, I 


26 The F7U Cutlass was a radical twin-jet, swept-wing, tailless jet fighter. Though it did 
deploy aboard Navy carriers (and was the first operational missile-armed Navy jet fighter), it 
was not a great success and did not remain in service very long. 
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thought I must be pulling six Gs. 

It showed on the records after I got through that I had pulled between six and six 
and a half Gs for eight seconds, and missed the ground by less than 2,000 feet. So if 
I’d have turned the boost on two seconds later. I’d have hit the ground and made 
probably the biggest hole that an F7U ever made. I was going 700 miles an hour at 
12,000 feet. But that was a point where I thought there probably would be some pilot 
that would pull the wings off. There might be another pilot that would have hit the 
ground. And then again, there might have been a pilot that would have pulled the 
throttles back and avoided all that excitement. [Laughter.] 

ANOTHER SPEAKER: Did you get your money? 

I got part of it. But it turned out that the Navy signed off on their structures and 
their recovery with the boost shut off. They didn’t want any more tests. The airplane 
had both fins bent and one rudder fluttered. And there was just a jagged piece on the 
post that was in the fin. I called the ground station and I said, “Well, CVA, this is 
Mike. I’m still here.” And I was pretty glad of that. And I said, “Both fins are bent, 
and one rudder is gone.” And Martin Collis called up. He said, “Well, I’ll come up 
and have a look at it.” I said, “Looking at it isn’t going to do it any good. Just rig the 
chain gear, 27 and I’ll come down and land it there.” So that was really an uneventful 
landing after getting the machine out of the dive. 

But I did have several thoughts. You see, thoughts run through your mind when 
you’re in a tense situation sometimes. The first thought that went through my mind 
after 18,000 feet was: what’s Cleo going to do with those three little kids? And the 
next thought I had, after I was pulling the Gs, was: I guess that engineer that de- 
signed that control arm and that hinge point there sure must have done a good job of 
designing the thing, because it’s still hanging on the airplane. 

Well anyway, I think that any of you that know anything about physiology of G 
forces — after three or four seconds of six Gs, most people will be at least grayed 
out. By the time you get to near eight seconds, most will be unconscious. And I know 
that I was still pulling the 40 pounds at the bottom of the dive. Because I was going 
back up again. The canopy completely frosted over, going from 70 below zero to 80 
degrees in the Texas area there. And by the time I got back near 12,000 feet, I 
thought: well. I’m going fast enough and high enough, and pulled the throttles back 
so I could fly back to the base. 

There is one other thing that maybe later on Scotty will talk about. I was really 
wondering why there were so many high-altitude losses of control. I know a lot of 
pilots — Yeager did it twice, and [Capt. Arthur “Kit”] Murray did it once. And 
Milburn Apt 28 — that was probably an error in judgment that they sent him that high 
and that fast on his first flight. But as the years have gone by, we’ve gotten pretty 


27 A runway arresting mechanism for stopping an airplane that might be damaged too seriously 
to stop by normal braking. 

28 Capt. Apt died on 27 Sept. 1956 after flying to Mach 3.2 in the rocket-powered X-2. The 
aircraft went out of control due to predicted inertial roll coupling after he became the first pilot 
to reach Mach 3. The rocket had burned longer than predicted, forcing the pilot into a 
quandary. He had either to decelerate through Mach 2.4 as planned, in order to make a safe 
turn but at a greater distance from the landing site than expected, or risk the predicted 
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well into stability augmentation, and yaw dampers, and thrusters, and things like that 
on airplanes. And my opinion about it is that maybe they should have done a little of 
this work a little lower and a little slower before they went up there and lost control. 
But that’s probably 20/20 hindsight. 

HALLION: Most of you probably heard a strong sonic boom a few minutes ago. 
That was a tribute, by the way, that Ed Schneider told me that he was going to make 
specifically for this symposium this afternoon. That was a Dryden F-18 flying 
through Mach 1 in honor of the D-558-2, and the accomplishments of the D-558-2 
and the D-558-1 in transonic and supersonic flight testing. 

Now, we’re going to start this afternoon much as we did this morning. I’m going 
to give a quick overview on the D-558-2 program, and some of the work that was 
undertaken there. 

I mentioned this morning that as the D-558 program went along, we had a series 
of two mock-up conferences. And at the second of those mock-up conferences, 
which took place in August of 1945, the decision was reached to split the program, 
so that we would have a Phase 1 that was a straight-wing aircraft and a Phase 2 that 
was a swept-wing airplane. How did this come about? 

Basically, there had been tremendous interest in the swept wing generating in 
this country since the mid-1940s. In late 1944, you had had Robert T. Jones, an 
aeronautical research engineer at the Langley Memorial Aeronautical Laboratory, as 
the Langley Research Center was known in those days — who postulated the notion 
of the swept wing for transonic drag reduction, independently of German work. This 
is an important point, because I think that there’s a myth that we live with in aviation 
history — and that is that we got the delta wing and the swept wing from Germany, 
and that we were ignorant of these things until we had the chance to examine the 
German aircraft industry. Nothing in point of fact could be further from the truth. 
Both the swept wing and the delta wing were indigenous American developments. 
And their history is a very interesting history. 

In April of 1945, in fact, Jones undertook research studies on the swept-wing 
configuration, at the behest of Theodore von Karman, who was an immigrant 
Hungarian aeronautical scientist and the scientific advisor to the Army Air Forces. 29 
And they put a wind-tunnel model together — a very sharply swept model. And it 
confirmed that the swept wing had very good aerodynamic characteristics — up in 
the high supersonic range, to Mach 1.72. This is one of those classic problems I 
mentioned earlier about tunnel testing. You could get very good subsonic data, and 


instability that caused his death. On this, see, e.g., Richard E. Day, Coupling Dynamics in 
Aircraft: A Historical Perspective (Edwards, Calif.: NASA SP-532, 1997), pp. 10-13, Richard 
Hallion, On the Frontier: Flight Research at Dryden, 1946-1981 (Washington, DC: NASA SP- 
4303, 1984), pp. 76-78, and Lane E. Wallace, Flights ofDiscoveiy: 50 Years at the NASA 
Dryden Flight Research Center (Washington, DC: NASA SP-4309, 1996). pp. 54, 181. 

29 Von Karman had been a student of the eminent fluid dynamicist Ludwig Prandtl at the 
University of Gottingen and later rivaled his mentor in that field of study, which included 
aerodynamics. He headed the Guggenheim Aeronautical Laboratory at the California Institute 
of Technology before becoming the scientific advisor to the AAF. See Michael H. Gorn, The 
Universal Man: Theodore von Karman ’s Life in Aeronautics (Washington, DC: Smithsonian 
Institution Press, 1992). 
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you could get very good supersonic data. But in that transonic region in between, 
from about Mach 0.75 to about 1.25, the measurements were very suspect. Beyond 
that, when they were dealing with this model at about the 1.5 to 1.72 range, it 
exhibited very good characteristics. 



Number two D-558-2 Skyrocket being launched from a Navy P2B mothership. (NASA photo E- 
2478). 


In May of 1945, as part of the American industry’s effort to study the German 
aircraft industry, L. Eugene Root and A.M.O. Smith, two individuals — as I men- 
tioned this morning — who were intimately involved in the D-558 program, went to 
Germany as part of the Naval technical mission to Europe — NAVTECHMISSEU, 
as it was called. And they visited the, if you will, German Langley — the so-called 
Aerodynamische Versuchsanstalt [aerodynamic research facility or test station] 
outside Braunschweig. And they learned there of the tremendous range of work that 
was going on in Germany on swept-wing development. This came, if you will, as 
confirmation of their inclinations to pursue the swept wing. Root stayed on in 
Europe. Smith returned to Douglas in early August. And to show how rapidly this 
turned — as I mentioned, at the second mock-up conference on the D-558-2 which 
was held in the middle of August (August 14-17), the decision was reached to go 
ahead and launch a swept-wing variant of the airplane. 

From the first photograph, you’ll see that this was a very different beast. If you 
compare this with the Skystreak, as we saw in cutaway this morning, this aircraft for 
supersonic performance was to have a rocket engine in the back end, a so-called 
Reaction Motors 6000C4. That stood for 6,000 pounds of thrust from four thrust 
chambers. We have an example of the engine here on stage. In fact, you see the 
independent thrust chambers — each one of which gave you 25 percent thrust. And 
that would be tucked in the tail cone of the airplane. Therefore, you couldn’t have a 
very large jet engine. 

Fortunately Westinghouse, at the time, was developing a family of axial flow 
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turbojets — the model J30 and the model that would eventually become the J34. And 
so the decision was reached to put a Westinghouse model 24, the predecessor of the 
J34, in the belly of the aircraft as well, exiting under the tail cone. So this would be a 
combined propulsion jet and rocket airplane. That greatly complicated, as you can 
well imagine, the internal fuel capacity for the aircraft. In fact, the airplane operated 
initially with three fuels. It operated with a liquid oxygen and water-alcohol mix for 
the rocket engine. It operated with jet fuel for the J34. And it operated with hydrogen 
peroxide to power the turbopump. So this was an airplane that was already getting 
pretty exotic in most respects. 

Kermit Van Every was the aerodynamicist who designed the configuration of the 
D-588-2, working with Ed Heinemann. And if we take a look at this, it’s an interest- 
ing machine. It was intended for ground takeoff and landing. There was no desire yet 
to air-launch this airplane. There was some thinking that maybe we'd go in that 



Cutaway view of the D-558-2. (Photo provided by Tony Landis). 


direction, but it was far off. The airplane was designed with anhedral on the wings. 

In other words, they were angled downwards slightly. And they had reverse taper. 
They had a 10 percent thickness:chord ratio at the root, and a 12 percent 
thicknessichord ratio at the tip. You had Handley Page leading edge slats on the 
aircraft. You had wing fences, and the flaps of course. 30 And it was a 35-degree swept 
configuration which was relatively conservative in terms of the evolution of the 
swept wing at that time. It was comparable in wing sweep to the F-86 then coming 
along. 

To ensure that the pilot had adequate control over the aircraft should it encounter 
transonic difficulties — to prevent the drag divergence Mach number of the wing 
and the tail being equal — they swept the horizontal tail surfaces at 40 degrees. And 
it also had a fully adjustable horizontal stabilizer, just like the X-l. The load limit on 
the airplane was lower than the D-558-1. Instead of the 18 G ultimate load, it had a 
12 G ultimate load. It had a 7.33 G limit load, which was consistent with military 
fighter design practice at the time. 

When the aircraft was originally designed, it had an X-l style nose configura- 
tion. You had a smooth ogival body shape and a flush canopy. The cockpit, as with 


30 Slats were long, narrow auxiliary airfoils affixed to the leading edges of the wings to 
increase lift at high angles of attack. Fences were stationary plates or vanes projecting from 
the upper surfaces of the wings, substantially parallel to the airstream. They were used to 
prevent spanwise airflow detachment over the wing. 
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the D-558-1, was a confining little space. Now the first airplane flew on February 4, 
1948, with Johnny [John F.] Martin at the controls. He was a Douglas test pilot of 
distinction, more noted for his work in attack-bomber and transport flying than high- 
performance aircraft flying. But a couple of deficiencies became visible pretty 
quickly. One of them was a very annoying Dutch Roll oscillation that resulted in 
Douglas eventually increasing the height and the area of the vertical fin. 31 And also, 
the visibility from that cockpit was pretty horrible. So the airplane was modified to 
have basically a Skystreak-like high-speed canopy. 

It was about a Mach 0.85 airplane, straight and level on jet engine only. Very 
underpowered, but that would be expected, given the small Westinghouse engine. 

Let’s go back about ten years to 1938. If we think of 1938 and the Navy’s 
leading fighter in 1938, it’s the externally braced Grumman F3F biplane — 250 
mile-an-hour maximum speed. A decade later, we have a Mach 2 aircraft flying. It’s 
not at Mach 2. It won’t be at Mach 2 for another five years. But that is how rapidly 
the technological change is taking place. That is the radical transformation that we’re 
seeing in aviation technology at that time. 

You know, we speak today of the fact the computational power is doubling every 
18 months with computers. And that is obviously extraordinary. But if you look at 
this — in its own way, in a very hard-core/hard-technology sense, this is an equiva- 
lent revolution that we see taking place in terms of the profound impact it’s having. 

Now there were several difficulties operating the D-558-2 in its initial configura- 
tion. I mentioned that it was severely underpowered. This, of course, greatly compli- 
cated flight safety. It had some rather dangerous takeoff characteristics. Typically, it 
would take off with four JATO bottles strapped to the airplane to give it an additional 
kick in the rear on takeoff. Takeoff rolls were very, very excessive. These kinds of 
problems, particularly also the problem then of operating it with a rocket engine and 
very volatile rocket propellants at some point, caused people to begin thinking more 
and more about both safety and performance advantages of operating it as an air- 
launched airplane. 

On 24 May 1949, we had the first NACA flight in the D-558-2 number 2 by Bob 
Champine. It was still a jet-only program. This was the aircraft then, which Bob and 
John flew briefly before it was returned to Douglas for modification to air launch — 
all -rocket air-launch configuration — in January 1950. But in this brief six-month 
period of flying — as John and Bob both alluded to in their presentations — it flew 
extensively on early swept- wing pitch-up investigations. The first pitch-up encounter 
was by Bob on 8 August 1949. It was a pitch-up, in a four G turn at 0.6 Mach 
number, to six G. John Griffith then, on 1 November 1949, encountered one that was 
more interesting. Severe pitch-up, a snap roll, and then a low-speed pitch-up, and a 
departure [from straight and level flight] in turn that was eroding rapidly into a spin. 

In June 1949, the D-558-2 number three, which became NACA 145, made the 
first supersonic flight using both jet and rocket propulsion. Gene May, Douglas pilot, 
remarked, “The flight got glassy smooth — quite the smoothest flying I had ever 
known.” I think that was an indication right there that the airplane was going to be 
pretty successful as a supersonic research airplane. 


31 Dutch Roll is a complex oscillating motion of an aircraft involving rolling, yawing, and 
sideslipping. It takes its name from its resemblance to the characteristic rhythm of an ice 
skater. 
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In September 1949, Hugh Dryden, who was the NACA’s Director of Research, 32 
recommended to the Navy that the D-558-2 be modified for air launching. Why? 
Three reasons — safety, performance, and research. The research attributes were that 
you could now compare the performance of a 10-percent swept- wing aircraft over 
the same speed range as the straight-wing 10-percent NACA XS-1. And you could 
compare the conventional airfoil cross-section of the D-558-2’ s swept wing with the 
unconventional airfoil cross-section of the Bell XS-2, which used a radical so-called 
bi-convex section that was then under development. That was good enough for the 
Navy. 

On November 25, they added an amendment to the contract to modify the 
number two and the number three aircraft to air-launching. The number two would 
be an all-rocket airplane. The number three would retain its jet and rocket engine. 

The Navy had a small fleet of B-29s for a variety of test purposes — anti-submarine 
warfare research, things like this. And so a B-29, or as the Navy designated it, a P2B- 
1S, was set aside as the launch aircraft for the D-558-2. 

We had the first air-launch of a D-558-2 on September 8, 1950 — Bill 
Bridgeman in the number three airplane. And then you had the first NACA flight in 
this particular aircraft, beginning the NACA’s supersonic air-launch research 
program with the Skyrocket on December 22 of that same year with Scott Crossfield. 

The real attention was focused less on the number three airplane, which of 
course was both jet- and rocket-propelled and became a maid of all work. The real 
attention was focused on the most glamorous of the Skyrockets, and certainly the one 
that has become the most famous to us, and that was, of course, the all-rocket 
number two airplane, which is now hanging in the Smithsonian Institution. This 
airplane, which received the call sign of NACA 144, had greatly increased fuel 
tankage over the jet-and-rocket Skyrocket. It could carry 345 gallons of liquid 
oxygen, and 378 gallons of water-alcohol. 

If we take a look at the Douglas contract and the program on this aircraft which 
began in 1951, we see some interesting things and some very interesting highlights. 
We had the inadvertent first flight on 26 January 1951. This was a case where there 
was a fuel-pressure drop. Bill Bridgeman called to George Jansen, his launch pilot, 
and said, “Don’t drop me, George.” And George Jansen, his finger mashed down on 
the transmit button, kept intoning the countdown. Bridgeman was launched saying, 
“Damn it, George. I told you not to drop me.” And the chase pilot, who was Pete 
Everest in an F-86, said, “You’ve got some keen friends, Bridgeman.’ 53 That’s one of 
my favorite stories. Bridgeman recovered very adroitly, and went up to Mach 1.28 in 
the airplane. He noted a decrease in elevator effectiveness above Mach 1. That, I 
suspect, didn’t come as too much of a surprise. 

On May 18 — just to give you some highlights — he reached Mach 1.72 at 
62,000 feet, 1,130 miles an hour, making the Skyrocket the world's fastest airplane. 
In June 1951, he extended this to 1.85 Mach number, 1,220 miles an hour, but 
experienced some very violent rolling — 80 degrees a second — causing him to 


32 That year he assumed the title, Director, rather than just Director of Research. See Michael 
H. Gom, Hugh L. Dryden ’s Career in Aviation and Space (Washington, DC: NASA Mono- 
graphs in Aerospace History #5, 1996), p. 9. 

33 Quotations in Hallion, Supersonic Flight, p. 164. 
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prematurely terminate the rocket flight with over 50 seconds of rocket fuel remain- 
ing. The problem here was, as he was going to very low pushover load factors, the 
airplane was becoming increasingly unstable. Bridgeman assessed this very well. 
And on August 7, 1951 he reached Mach 1.88 safely, using a higher .6 to .8 G 
pushover, as opposed to the .25 pushover load factor that he had used on his earlier 
flight. 

Douglas then turned to the potential of the aircraft to exceed the world's altitude 
record, which was held by the balloon Explorer II, going back to 1935 — a 72,395 
foot record. Bridgeman on 15 August 1951, reached 79,494 feet, making the Sky- 
rocket both the world's fastest and highest airplane. I think this is a tremendous 
tribute to Bridgeman as a pilot, and to Ed Heinemann as the designer of the aircraft. 
The airplane, in fact, when you took a look at it, had some significantly better 
performance than its designers had predicted. In fact, its supersonic drag was 
actually less than what people predicted at the time. 





D-558-2 number two returning from a research flight with an F-86 flying behind it as a chase 
aircraft. (NASA photo E-3996). 


If we take a look at a couple of classic photos from this period, Bridgeman 
developed a very close association and friendship with Chuck Yeager, who flew a lot 
of the F-86 chase missions. And this is a very evocative photograph, I think, of the 
D-558-2, drifting down from a research flight with Yeager in the F-86, speed brakes 
deployed, coming down behind him. 

Now, for the NACA’s part: you know, if 1951 was the time in which Douglas 
was exploring the high-speed realm with the all-rocket number two airplane, the 
NACA’s part — working on the D-558-2 number three — began basically what 
would become a two-year program here. And Scotty will certainly be talking about 
this, and Stan as well, involving basic aircraft handling qualities and evaluation of 
various flap, fence, and leading edge devices on the aircraft. 

In 1952 and 1953, the NACA shifted to examining the high supersonic behavior 
of the D-558-2 number two. We have here, I think, another evocative photograph. 
This is 144 in its prime on the lakebed. And you can see how futuristic it really 
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looks. And these were really Scotty’s glory days in the Skyrocket. Some highlights 
here: August 5, 1953, he reached Mach 1.878; August 21, the Navy borrowed the 
airplane for some high altitude and high speed flights. It was hoping — frankly — to 
break Mach 2. It didn’t happen. Marine test pilot (Lt. Col.) Marion Carl nevertheless 



D-558-2 number two on the lakebed. (NASA photo E-1 441 ). 


distinguished himself. On 21 August, 1953 he reached 83,235 feet, an unofficial 
world's altitude record. On 14 October, 1953, Scotty reached Mach 1.96. The 
airplane had boosted performance at this time, due to a rocket nozzle extension on it. 

And at this point, the High-Speed Flight Research Station now requested and got 
Hugh Dryden’s permission to attempt Mach 2. Herman Ankenbruck devised the 
flight plan. Scotty would basically climb to 72,000 feet, do a pushover, and reach 
Mach 2 in a shallow dive. The plane was extraordinarily prepped for this. Scotty will 
go into that in much more detail than I will. And on 20 November 1953, as I think 
we’re all aware, he reached over Mach 2 — 1,291 miles an hour at 62,000 feet — the 
first Mach 2 flight, which was a tremendous accomplishment — both reflecting on 
Scotty’s abilities as an airplane driver and the design of the airplane. This was 
undoubtedly the high point of the D-558 program. 

We have to recognize that a lot of people made this thing come together. I’d like 
to talk about some of these. These are the P2B as well as D-558 crewmen. And, of 
course, supporting these people were folks here at the Center on the ground — the 
maintenance staff you know. The test pilot in this process is merely a singularity, so 
to speak — the tip of the spear. But that spear is forged and wielded by a great 
number of other people. 

Now if we take a look at the twilight years in the Skyrocket program from 1954 
through 1956, the last flight taking place on December 20, 1956, by Jack McKay — 
and we have Jack’s son John with us today. If we take a look at it, these were not 
years in which things went necessarily very smoothly, although they were undoubt- 
edly extremely productive. 

Stan Butchart, Neil Armstrong, and Jack McKay had a very up-close and 
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personal encounter with a near disaster in 1956 that I think Stan will be giving us a 
great deal more information on — when they had the number four engine run away 
with them, shed its prop, and do some serious damage to the launch aircraft, and 
indeed pass right through the space where a few seconds before Jack McKay had 
been in the D-558-2 before it was jettisoned in an emergency. That was about the 
most dangerous moment, I think, in the entire D-558-2 test program. 

We had then the fruition of work on the D-558-2 number three's pitch-up 
investigations, which resulted in some experimental design changes to the airplane, 
some of which were quite promising, but which didn’t pay off. We had, for example, 




D-558 wing configurations. 

the effort to explore behavior with leading edge slats open. And indeed, fully open 
slats did work to a great degree. They eliminated pitch-up, except between 0.8 and 
0.85 Mach number. However, surprisingly, a sawtooth leading-edge extension from 
which much was expected actually, in Scotty’s views, aggravated the pitch-up 
problem significantly. And so it proved of no value whatsoever. 

A little-known aspect of the D-558 program is that after going through this 
pitch-up program, it embarked on a number of investigations of external stores, 
looking at the drag of external stores on aircraft at transonic and supersonic speeds. 34 
Now, this is extremely significant work. Because if we think about the Mark (Mk.) 
80 family of stores — the Mk. 82, the Mk. 84, other bomb shapes, drop tank shapes 
— that we live with today, that basically is an outgrowth of the D-558 program. The 
D-558 took these shapes, which were experimentally developed by Douglas, and 
refined them to the point now that we could operate strike aircraft at long distances 
with streamlined stores with significantly less drag than the kind of clunky bomb 
shapes and tank shapes we were operating with that were basically holdovers from 
the World War II and immediately post-World War II era. The Mk. 80 store shape, 
which was applied generically then to a whole family of shapes for both tanks and 
bombs, was really quite a remarkable accomplishment. And the D-558 played a role 
in it, both here for bomb shapes, and for tank shapes as well. 

At this point. I’d like to terminate my little presentation on the raw history, if 


34 “Stores” were such things as external fuel tanks or bombs. 
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you will, of the D-558-2. And we will move from this point on to discussion of 
actually operating the D-558-2 aircraft. So at this point. I’m going to introduce our 
two very distinguished personalities that we have here this afternoon to talk about 
these: Scott Crossfield and Stan Butchart. So, Stan — first we’ll start with you. 

Stan, of course, was out here for a number of years. He retired from Dryden in 
1976, after a 25-year career in research aviation. Born in New Orleans, 1922. Served 
as a naval aviator in World War II. Graduated from the University of Washington 
with a Bachelor of Science Degree in Mechanical and Aeronautical Engineering in 
1950. In fact, Stan and Scotty were in the same Guggenheim Aeronautical School at 
the University of Washington. And Stan began his career with the NACA in 1951, a 
year after Scotty. 

His experimental flight career included piloting the X-4, the X-5, both the 
Skystreak and the Skyrocket. He flew the B-29 that launched the X-1A, and then the 
B-29 — the P2B-1S — that launched the D-558-2. They’re obviously not the same 
B-29. And also then flew the KC-135 tanker out here, and the F-100A. 



D-558-2 number three with a bomb shape under its wing. (NASA photo E-1 1 61 ). 


But there’re a couple of other things about Stan that I think we need to mention. 
I’m sure a lot of you are aware that one of his best buddies in all the world from 
Torpedo-Bomber Air Group VT-51 on the San Jacinto back in World War II was a 
fellow by the name of George Bush, who went on to bigger and better things. Had 
Stan profited from that wise counsel and followed a different career path, think of 
how different the world might be today! 

Stan has another distinction that I just learned about last night. And I got to 
thinking about this. It’s really quite interesting. Stan flew the Grumman Avenger, 
which was a big, hefty torpedo bomber. It was called the TBF when it was built by 
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Grumman. Grumman couldn’t meet the Navy’s requirements for mass production of 
the aircraft. It concentrated instead on fighters. And so most of the Avengers were 
built by General Motors and were called TBMs. It was a maid of all work for the 
Navy — did some tremendous work — anti-submarine patrol, attacks on islands, did 
a lot of basically 500-pound bombing, things like that. In other words, it served 
primarily in roles other than what it was originally intended for, flying as a torpedo 
bomber. 

Well, Stan is one of the very few people who not only learned to drop torpedoes, 
as he was becoming a naval aviator and proficient in operating the Avenger. But he 
actually dropped a torp in combat. In fact, he dropped four of them, I believe. And 
one of these was against the Japanese carrier Zuikaku (which was one of the six that 
struck Pearl Harbor in 1941) during the Battle of the Philippine Sea. And he’s too 
modest to state with certainty that he got a hit on it. But it absorbed several torpedo 
hits in the Battle of the Philippine Sea. And I’m certainly willing, for the record, to 
accord him credit for it. So, Stan, you played a role in avenging Pearl Harbor. And I 
think we all owe you a tip of the hat for that. 

Now I’d like to introduce also a very good friend, Scott Crossfield — a legend- 
ary figure in aviation certainly, and an individual that I have a fond affection for. And 
I’ll explain why a little bit later. 

Scotty joined the NACA in June 1950. If we take a look at the roster of airplanes 
he flew, it’s sort of a who’s who and a what’s what of research airplanes — the X-l, 
the X-4, the X-5, the XF-92A, the D-558-1 and 2. He had 87 rocket flights in the X-l 
and the D-558-2 aircraft, plus 12 flights in the D-558-2 on jet power only. He flew a 
number of modified service aircraft. He did zero-G studies in the F-84, roll coupling 
studies in the F-100 and the F-86. 1 think he even cracked a vertebrae at one point, if 
memory serves me right, in the F-100 in some of the roll coupling work. 

He made aeronautical history obviously on November 20, 1953, with his Mach 2 
flight. But then he left the NACA in 1955 in an act that was pretty selfless. He was 
very concerned about the future of the X-l 5, which he could see was a potentially 
milestone airplane. And he was very concerned about some of the glamorous hangar 
queens that had come along, that had actually had some serious difficulties — the 
Bell X-2 and the Douglas X-3 being notable examples. 

And so he went to work for North American Aviation to shepherd the X-15 
through its development and through its contract-to-flight test program. And I think 
the fact that he did that explains in large measure why the X-15 was the tremendous 
milestone airplane that it was. During his flight testing of the X-15 with North 
American, he flew the airplane 14 times, made 16 captive flights additionally in it, 
reached a max Mach of 2.97, 1,960 miles an hour, at a max altitude of 88,000 feet. 

Then he did something that I really find interesting. In 1960, he published an 
autobiography called Always Another Dawn? 5 And I realize he wrote this when he 
was age 39. And what’s very interesting is if you take a look at Scotty from that point 
on, he ought to really start thinking about working on volume two. Because from that 
point on, he continued to do a tremendous amount of work with North American on 
various programs — the Hound Dog missile program. Paraglider, the Apollo 
Command and Service Module, the Saturn booster. 

He went to work as an executive with Eastern Airlines. He went to work with 


35 Subtitled The Stoiy of a Rocket Test Pilot (Cleveland, OH.: World Publishing Co., 1960). 
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Hawker Siddley Aviation. Served as a technical consultant from 1977 to 1993 on the 
House Committee on Science and Technology. And Scotty, I think there’re many — 
myself included — who might argue that given what you did with that Committee in 
that period, it actually may be among the very most significant things that you did. 
Because you helped keep the Congress straight on aeronautical issues for quite a 
while there. 

We’re talking to a man here who’s a Collier Trophy winner for 1961 — the 
Clifford Harmon Trophy for 1960. But the thing that I really remember Scotty for is 
the fact that when I was an undergraduate at the University of Maryland, I did a 
senior thesis on transonic and supersonic research airplanes. And I’m kind of 
embarrassed by it now, frankly, when I flip back through it. But then, with the height 
of ego, I sent it off to Scotty and said, “Give me your thoughts on this.” And he did! 
And not only that, but they were polite, which amazes me even more, given what he 
was reading. 

And then he took the time to invite me down to meet with him. So I met with 
him in — I think it was the summer of 1970. And he spent the better part of a day 
going over this thing, page by page. So Scotty, I personally tip my hat to you, 
because I owe you a lot for that. And I appreciate it very much. I’m delighted that 
I’m able to have a chance here today to introduce you to this symposium. 

So Stan, we’ll start with you. You’re up. And the subject is B-29 or P2B-1S 
launch operations in support of the Skyrocket program. And then we’ll follow with 
Scotty talking about the events leading up to his Mach 2 flight. [Audience applause] 

BUTCHART: As Dick said, I had flown both the Skystreak and Skyrocket. I was 
mainly asked to talk on the B-29/P2B-1S mothership operations. But since I did fly 
the other two. I'd like to make a couple of comments there. 

The Phase 1 was the first research plane that I flew. And I considered it a fun 
airplane to fly. It was small. And it was just fun to fly. But there’s kind of a little 
story that goes with the day I came down here from Boeing — flew down to be 
interviewed by Joe Vensel for a job. And we spent the day watching an X-l ground 
run, and looking at all the airplanes in the hangar, and crawling in them. And when 
he got through that afternoon, he wanted to take me up front and introduce me to 
Walt Williams — the big boss. And the only thing Walt said when he met me, “Will 
you fit in the Phase 1?” And I said, “Yes, sir.” “Okay. You’re on.” 

But the Phase 1 was interesting. As Dick mentioned this morning, the air split 
and went down the sides. The cockpit was only 22 inches wide, straight down the 
sides. You flew it with your elbows in, and the wheel between your knees, and 
crunched down. Your helmet was up into a tight canopy. We had a chamois skin on 
our helmets to keep from scratching the inside of the plexiglass. There was a double 
layer — glass and then plexiglass with air in between to keep the frost off. And if 
you turned your head a little bit to try to see out to a chase or wing tip, your head 
would get stuck, and you'd have to suck it back down to get forward again. If you 
ever had claustrophobia, that was the airplane to get it in. 

But a couple of other little interesting things that happened in it. I mentioned one 
the other day to [someone] — I think Bob was the other culprit along with me. But 
most of the flights made in that airplane were with wing tanks — tip tanks. You took 
off. And when you got to 40,000 feet, your tip tanks were empty. And you could 
jettison out over PB-6, one of the bombing range targets out back here. By the time I 
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got my turn to fly the airplane, Joe Walker had used up all the tip tanks. So all of my 
flights were made just with internal wing fuel. And it was only 202 gallons. You had 
a little odometer on the instrument panel. And they’d set it at 202. And as you started 
the engine, it started clicking down — two gallons at a time. By the time I’d get to 
40,000 feet. I'd have enough fuel to do one or two runs, and it was time to head 
home. 

Well, one day I came back. And I guess I stretched it a little bit. And I landed. 

Joe Vensel walked up and looked in the cockpit, and there was [a reading of only] 
eight gallons showing. And all he said was, “There was another pilot out here ahead 
of you. He came back with 12 gallons, and I grounded him.” And I think that was 
you. Bob. But it was going fine. Eight gallons was great. 

The other thing that was an interesting story on that little airplane — you saw 
pictures of it earlier. I'd forgotten that the canopy opened from the back forward. 
They’d take it out to the south lakebed where we made all our flights from. They’d 
get set up. And you'd crawl into the thing. And they’d help you strap in. 

And Raczkowski — Tom Raczkowski — was the crew chief. He’d get on one 
side on the stepladder. And Andy Hyland was the inspector. He was on the other side. 
And as you made your engines start, they were watching to make certain you didn’t 
over-temp it, or didn’t do anything wrong. Anyway, when they’d get through, why 
they’d close the canopy. You had two handles to lock it with. I locked it, and I 
thought I was all set to go. Then they finally motioned me to open the canopy. They 
didn’t like something. I guess it didn’t fair in with the fuselage the way they had 
expected it to. 

So they opened the canopy. And there was an air tube that blew hot air out into a 
delivery tube in between these windowpanes to keep the frost off. That hot air was 
blowing in my face. So while they were working on it, I had my hand up over this 
tube to keep the hot air off. And all of a sudden, Raczkowski decided to close that 
canopy. My thumb was still there. And oh man, you know, you jump and wail. They 
saw something happened, and they said, “You okay? You want to go?” It didn’t hurt, 
so I said, “Okay.” By the time I got to 40,000 feet, that thing was going thunk, thunk, 
thunk. And boy I wished I was on the ground. 

But one other little item on both the Phase 1 and the Phase 2: all the airplanes 
nowadays — everybody is proud when they get an airplane that it has “zero-zero” 
escape capabilities. In other words, you can be sitting at zero air speed on the end of 
the runway [at zero altitude], and punch the eject button, and go out and make it. 
Well, as I think back, we had zero-zero on the Phase 1 and Phase 2 — in reverse 
really. There was a flight envelope. There was a little spot here that it was safe to get 
out in. And it wasn't an ejection seat. You got out by pulling a handle. And the whole 
nose fell off. You pulled another handle. That released the back rest. Then you 
crawled out the back. And this envelope was so small in altitude and speed that we 
would look at that information and put it in file 13 and go ahead and fly. But that was 
our “zero-zero” in reverse. 

Well, I'd better get on to the main thing I was going to talk about, and that’s our 
launch operations. When I came to work here, as Dick mentioned. I’d always been 
single-engine. 36 And I’d been here a week or two. Scott was going to check me out in 
the twin-engine C-45 that we had. We went out to the end of the runway. A kid 


36 That is, had flown single-engine airplanes. 
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named Don Turndrup (I think his name was) was flight engineer. He was sitting 
down between us. Typical fighter pilot, the first thing Scott does is jam both those 
throttles forward, and we do a 45 degree turn. He got it straightened out, and away 
we went. He finally got me checked out I guess, and I flew it for two or three weeks. 
Well, there’s a moral there. Never have a fighter pilot check you out in a multi- 
engine airplane. They can’t. 

I had forgotten the date of Bridgeman’s last flight. You say the 15th [of August, 
1951]. Well, two days later on the 17th, George Jansen, the B-29 pilot for Douglas, 37 
called Joe and me and said, “Come on down. We’re going to take a flight in the B- 
29.” And we went out and flew for an hour, made a couple of landings on the south 
lakebed. We were B-29 pilots. You know, nowadays you’re months, or weeks 
anyway, going to ground school. 

As I looked back in my log book, I noticed that that was on the 17th of August. 

A couple of days later, Joe and I took it out for a familiarization] flight on the 21st. 
On the 22nd of August, we made our first drop flight with Walt Jones in the 145 — 
the one with the jet engine. 38 So we got underway in a hurry. And 1 think we made 
three or four flights with Joe in the left seat. Then he turned it over to me, and I had it 
for the next six years. 

I made the following chart up to show the extent of the flying we did from ’51 
through about ’56 with the rocket airplanes. I’ve included the three — X-1A, X-1B 
and X-1E — just to show the number of flights we made. 




Drops 

1951 

-1956 





D-558-2 


X-1 



Pilot 

143 

144 

145 

X-1A X-1B 

X-1E 

Total 

Scott Crossfield 


43 

IB 



62 

Walt Jones 



$ 



$ 

Joe Walker 


3 

1 

1 

IS 

24 

Jack McKay 

1 

11 

9 

11 

3 

35 

Nell Armstrong 




2 


2 

Pete Everest 


1 

1 



2 

Marlon Carl 


$ 

2 



7 

Al Boyd 



1 



1 

Totals 

1 

63 

38 

1 13 

22 

138 


Aborted Drops 1951 -1956 



Scott Crossfle Id 


7 




7 

Walt Jones 



1 



1 

Joe Walker 




1 

8 

9 

Jack McKay 

i 

1 

1 

7 

1 

11 

Nell Armstrong 






0 

Pete Everest 






0 

Marlon Carl 


1 




1 

Totals 

i 

9 

2 

1 7 

B 

2B 


Grand Total 167 


37 George Jansen was a noted Douglas test pilot. He had been a B-24 pilot in World War II and 
was a veteran of the Ploesti raid of August 1943. 

38 Douglas D-558-2 #3 (bureau #37975, NACA 145). 
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Scott has the largest number of flight drops. Jack McKay was next in line. These 
were just the flights that I made. Joe Walker made a few while I was on vacation. 

And the bottom half is the aborts that we made. And by aborts I mean instances when 
we had to bring the rocket airplane back down with us. If I dropped it and the engine 
didn’t fire, that was their fault. At least I got off the hook. 

But it was a busy, busy time. We were flying through the summer of ’56 — ’55 
and ’56. And we were operating almost six rocket airplanes at the same time. I was 
making two, sometimes three, flights a week on either a Skyrocket or one of the X- 
airplanes. 

I was going to show our typical daily operation. And Dick mentioned something 
about what he thought the scariest part of the operation was — that accident we had. 
And I think this was the scariest part. [Shows photo E- 1013.] You’d put the B-29 on 



D-558-2 number two being positioned under its Navy P2B mothership being elevated on 
hydraulic jacks. When the Skyrocket was in position, the P2B would be lowered so the D-558-2 
could be attached to the bomb bay of the “mothership” for climb to altitude before being 
launched. (NASA photo E-1 01 3). 

jacks. And you’d get it so high in the air you just weren't certain whether it was 
going to make it or not. We were controlled by wind. We couldn’t do this in more 
than about five or six knots of wind, I think. Anyway, it was pretty low. And once we 
moved up to this facility 39 from South Base, we found we could get in a hangar, and 
get it between the beams, and jack it up high enough to get the Skyrocket under it. 
And you didn’t have to worry about the wind then. 

After they got the thing loaded, they would tow it out to the area where we had 
the storage tanks for the liquid oxygen and the water-alcohol and peroxide. And it 

39 To the present location of the Dryden Flight Research Center from the old location on South 
Base. 
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Crew next to P2B and D-558-2. From viewer’s left to right, standing, Donald Flail, Dick Flanna, 
Bill DeGraff, Joseph L. Tipton, Charles Russell; squatting, Joe Walker, Stan Butchart, Dick 
Payne, Walter P. Jones. (NASA photo E-677). 


was out just on the south side of where the big hangar is here now — to load the 
propellants on board. 

There was one interesting thing that happened about '55, 1 guess. When we 
moved up here in '54, there was no taxiway between the NACA and the Air Force. It 
was a year later before they built that. So we would load, and then take off on the 
lakebed. We used the lakebed a lot anyway. But I think it was in the summer of '55 
then. They were going to build the hydraulic hoist that you have out there yet. First 
they had to dig the concrete out — pretty big area. And then the ground was so hard 
that they would dig in, and put some dynamite in, cover it with plywood, blow it, and 
get in and dig some more. And nearly every day we’d hear a dynamite blast go off. 

And one day in the summer I was getting ready to go on leave. And Vensel says, 
“Well, can you stick around until we get this flight off?” “Sure.” So it was on a 
Friday, I think. We were standing by his office, and the B-29 was loaded. It was 
sitting out in front of us there. And all of a sudden, kaboom — a bigger blast than 
normal. I looked up and a piece of plywood was flying through the air. It went right 
through the elevator of the B-29. So I said, “Joe, I’ll see you in a couple of weeks.” 
And away we went. But once we got those hoists put in, why, I think you’re still 
using them to lift the vehicles up underneath the B-52. 

Well, we got loaded. Now we’re back to that crew again. I wanted to show a 
picture of the crew. And I don’t know if I can even remember all the fellows that 
were there. But the fellow on this left end was one of the fellows that served as flight 
engineer for me. And I think on the far side I see Dick Payne, who was crew chief on 
some of the X-airplanes for us. I’ll take a peek. Yes. I think that’s Joe Walker and 
Walt Jones both there with us. If you noticed on the front of the airplane, of the B-29, 
there were lots of patches of Skyrockets. 40 


40 Each patch indicated a separate drop. 
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Anyway, we got the thing loaded and ready to go. The typical operation, the way 
it went was that if Scott was wearing a pressure suit on a pretty high altitude flight, 
he'd come aboard the B-29 with it partially on, not fully zipped up, and not in it 
completely. I'd get the airplane — the B-29 — airborne, and oh, maybe we'd climb 
out 7-, 8-, 9,000 feet. He could finish zipping up into his pressure suit, and it was 
time for him to get back in the rocket airplane. Two crewmen would go back with 
him. 

Once they got the canopy closed, and the radio hooked up, and were happy with 
it, they had a switch they could throw. It would light a light on my instrument panel 
that would say “ready for drop.’’ And this told me that from then on, any time we had 
a problem in the '29, our gentlemen’s agreement between us was. I’d get rid of him. 
If he had a problem [in the drop airplane]. I’d get rid of him. We’d fight our battles 
by ourselves. But fortunately we didn’t do that on one occasion and, I think, saved a 
pilot. And another time we did it and saved another pilot. 

But those little ’29s took a beating. You were at climb power for at least an hour. 
And if Scott wanted to get a little higher — 34-35,000 feet, we spent another thirty 
minutes on the last 3-4,000 feet. And the airplane was at climb power all this time. 
And you know what that does to an engine. Well, there were a few times when the 
engine would fail by the time I got to altitude — swallow a valve, or something 
would go wrong. 

But the day I want to talk about was March 22nd of ’56. Neil [Armstrong] and I 
were flying the ’29. Jack McKay was in the rocket airplane. And just as we got to 
altitude — around 31,000 feet, somewhere over Palmdale, the number four engine 
quit. It just quit running, firing. I turned around. Well, I used to kind of let the co- 
pilot do a lot of the flying. And I would direct him where we wanted to go. Then I 
could turn around in my seat and kind of watch the flight engineer and the rest of the 
crew. And I asked [Joseph L.] Tipton, “Well, did you try cross feeding?” “Yep.” “Did 
you try this?” “Yep.” We went through two or three things. And nothing was work- 
ing. 

So I thought: well, no sweat. We've done this before. We'll feather it. 41 And I hit 
the feathering button. And it looked like it was stopped. The blades looked like they 
were stopped. And all of a sudden the engine started winding up again. And this 
particular ’29 had a separate tank for feathering. So you could feather once, 
unfeather, and feather again. And I knew I had two left. And I think about that time 
Jack called me. He said, “Hey, you can’t drop me.” A valve down at his side that he 
jacked up some of the nitrogen pressures for the engine with, broke. He said, “I felt it 
break in my hand.” I said, “Okay.” And I think we hit our six-minute point by then. I 
had picked a six-minute point opposite of where we wanted to drop. Two minutes 
out, two minutes in the turn, two minutes back. 

And we started through that procedure. I hit the feathering button the second 
time. Same thing happened. And I thought: well, we'll make it on around, and get 
this drop over with. And part way around, I guess that’s when Jack called me and 
said, “Don't drop me.” Well, about that time I had hit the feathering button the third 
time and ran out of fluid again — the last time. And I called Jack and said, “Jack, 

I’ve got to drop you.” I told Neil to push over. We had to get in a dive — to get up to 


41 To feather a propeller is to rotate it so that the blade is parallel to the direction of the airflow 
so as to reduce wind resistance. 
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about 210-220, so they wouldn't come out in a stall. As soon as the needle got it 
pointed around headed back towards the lake, we were up to speed. I reached up to 
pull the emergency handle. I had watched them test that every time they ever loaded. 
It was a T handle on the dash. I reached up and pulled, and nothing [happened]. The 
other way was to hit two toggle switches, and then pickle it off. And that worked. 


Series of photos showing damage to the P2B March 22, 1 956, when the number four engine 
exploded and shed its propeller. (NASA photos E-2200, E-2203, E-2210, E-2213, E-2221) . 
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And away he went. And just a few seconds after he departed, that engine blew — big 
time. 

I could remember seeing the page in the handbook that said if you were above 

20.000 feet, and you couldn’t slow it down below 120, you were going to have a 
centrifugal explosion. Well, we did! And Neil said it looked like the kitchen sink 
going by. It was the nose dome off the B-29. And the blades went in all four direc- 
tions. Unfortunately, one of them went right through us. It cleaned off that engine 
completely, as you can see. One blade went through the bottom of the number three 
engine there. And I don't know if you can see the slot in the fuselage. It went through 
the bomb bay, right where Jack was sitting. And it hit the number two engine on the 
other side. 

Well anyway, when I heard that boom, I thought: well, we’re home free. We got 
it made. About that time, I reached up to help Neil fly the airplane, and my wheel 
was loose. I just [turned it and] nothing [happened]. I looked over at Neil and said, 
“You got lateral control?” “Yeah, a little bit.” And he had that much free play in his 
wheel. [Shows a small space with his hands.] It had cut part of his aileron cables. 
And the frayed cables were sticking out. And he was dragging those through a 
fairlead. And they’d get caught once in awhile. 

Well anyway, while we were wrestling with that, Tipton turned and said, “Butch, 
you’ve got to feather number three.” And I said, “Why?” Well, the shrapnel had hit 
the side of the airplane in so many places that one had cut right through our fuel line, 
our throttle cable, oil pressure, everything on the engine. So we essentially lost 
control of [engine number] three. And it feathered all right. Now you can’t see there. 
But it actually hit the bottom part of the number two engine. So you know that blade 
was traveling going through there. And fortunately number three feathered all right. 
But that left us with two engines on one side. The only nice thing was we were at 

30.000 feet. So we glided out around Boron and came straight into the lakebed. 

Then Neil kind of got in an argument. He said, “You’d better get your gear 

down.” I said, “Wait a minute.” “We’re getting closer. Better get your gear down.” 
Well, nobody had ever made a 30,000-foot approach to the north lakebed in a B-29. 
He kept thinking we were going to overrun it. And I wanted to make certain we got 
there. Because I could only use [engine] number two. Number one had too much 
torque [being further out on the wing] . And both of us on the rudder could not hold 
it. Anyway, we landed with both of us on the elevators, and both of us on the rudder, 
and he on the ailerons. 

I think we made our last flight on the 20th of December of ’56. Jack McKay 
made it in 144. After that the airplane sat for quite awhile. This was just some time 
before the Navy came to pick up the various airplanes to take them to the museum. 

In fact, that was the first time I ever got to see the nose detach to see how that 
ejection system worked. On the Phase 1, there were two bomb shackles built 
vertically into the bulkhead. When you pulled a handle, you released the bomb 
shackles. The Phase 2 was a little different. It had a wheel quite similar to the bank 
vault, where it pulled pins in from the side. And after everybody had flown the 
airplane, we finally got to see how it worked. 

But they sat like this for awhile. And then Neil and I took the P2B-1S over to 
Litchfield Park in Arizona, which happens to be the Navy’s storage field for air- 
planes quite similar to what Davis Monthan is for the Air Force. And there’s one 
more little part of that story. 
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We took it over there on the 5th of August ’59, figuring that's the last we’d see 
of it. It would be melted into pots and pans, like everything else. And about 20 years 
later, Neil sent me a little newspaper clipping with a story about some guy with a lot 
of money who had gone in there. And the airplane was still sitting there. He pur- 
chased it, and brought in a crew to refurbish it and go over it. And it had zero time 
engines on it when he took it over. But they still had to go through them all. Anyway, 
they spent a lot of money going through it, fixing it up, and getting it ready to fly. 

He hired some retired colonel who had flown B-29s to fly it for him. And they 
were going to make a couple of local flights around Litchfield before heading for 
Oakland. And when he came back from the first flight, he asked him how it was. And 
the colonel said, “Fine. Except I had to hold that wheel over most of the time.” So 
they went through it, and checked the trim, and checked the rigging, the whole nine 
yards. And they went out and flew it again. The same thing happened. And that time 
they really got into it — took all the inspection plates off, and just did a real thorough 
inspection. And what they finally found was that all the years it sat there, some of the 
inspection plates were off the bottom of the wing, and birds had been living up in 
there. And there was about 800 pounds of bird dung out in that one wing. And that’s 
what he was holding up. And they cleaned that out. And the airplane flew over to 
Oakland. 

I never did get to see it. But I had heard it was on the West Coast going to air 
shows and what not. Then I lost track of it, and a few years ago, at one of our 
squadron reunions — I think in New Orleans or Pensacola — this fellow that came 
to our reunion every year and owns a TBM said, “Hey, 1 found your B-29.” I said, 
“Where is it?” “It’s in Florida.” Some guy by the name of — is it [Kermit] Weeks? 

He buys a lot of airplanes. He’s got a lot of money. He purchased the thing. The 
fellow that was telling me said they’re going to use it for a static display. Then this 
last summer when we were back there, he said no. It got damaged in that hurricane a 
couple of years ago. But he is going to rebuild it as a flying machine. So I’m looking 
forward to seeing it again. But he went back. Took out the cutouts that we had in it. 
Put bomb bay doors on it. And put it back so it looks like a B-29, P2B-1S. 

Neil used to get the biggest kick out of taking people back — to the back of the 
airplane and showing them where it said: NAVY P2B-1S. It had been painted on 
there years ago. Even when you take the paint off, it’s still kind of etched into the 
fuselage. And he thought that was neat. So that was my experience mostly with all 
the years of making those drops. And Scotty, I think it’s probably all yours now. 
[Audience applause] 

SCOTT CROSSFIELD: How sweet it is to be last. You were always late. Butch. But 
that’s all right. 

This is kind of a nostalgia trip for me. But I'd like to make one aside while I get 
up here. I'd like to dedicate my part of this 50th anniversary celebration for the 
Phase 2 to Walter C. Williams. [Audience applause] Walt Williams probably had 
more to do with advancing aeronautical and aerospace arts in the 20th century than 
any other ten men, as far as I’m concerned. He started out with a crew of 12 people 
here at Muroc. And he was with that program — all the programs that NACA, and 
NASA, and many that industry did, all the way up through the Space Shuttle. He 
made the operational go/no-go decisions for every one of those, and had quite a part 
in keeping some of them from becoming national disgraces. Frankly, I’ll say that 
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while I have a high regard and respect for Wernher von Braun, 42 Walt Williams has 
been an order of magnitude bigger contributor to what we’ve done in space than von 
Braun. So Walt, if I do well, this is to you. If I don't, well. . . . And I’m not sure he’s 
up there, frankly. 

You know, there is no history, only biography. If you stop and think: if we ever 
talk about anything being done, it’s done by people like these people down here, who 
have proved that anybody who can read without moving his lips can fly an airplane. 

Another key figure was Jack Russell. Jack Russell probably did more rocket 
flights than any other 20 men in the world. He was with Bell on the original X-l. He 
came and worked for the Air Force. And then he came to NACA, stayed all through 
NASA. And he was with all of the rocket [airplane] flights, I believe, that were ever 
made. And he was one devil of a good rocket mechanic, technician, and all-around 
guy. So this is to Jack Russell. 43 

And then there’s another guy that I’d like to pay a little tribute to. And that is the 
man who brought the United States into prominence with rocket engines. And that 
was Captain Bob Truax of the United States Navy. He started in 1937 working with 
the Navy building rocket engines. And actually this family of engines built by RMI 
[Reaction Motors, Inc.] up in New Jersey was a Navy part number in 1944, before 
any Paperclip, 44 before any Germans came over here and claimed Goddard’s inven- 
tion, 45 and everything else. Those engines were in the inventory for over 35 years. To 
my knowledge, we never lost an airplane due to the failure of or a problem with the 
engine, per se. And I’d like to give Bob Truax a little boost on this sort of thing. 

JOHN GRIFFITH: I think Gerry Truszynski 46 should be mentioned in development 
of the instrumentation and the capability of bringing back the data that could be 


42 Wernher von Braun, of course, was director of NASA's Marshall Space Flight Center from 
its inception until 1970 and in that capacity, headed the team that developed the Saturn family 
of rockets that carried 12 astronauts to the Moon. 

43 John W. Russell worked on the XS-1 for Bell and then became crew chief for the Air Force 
on Chuck Yeager’s XS-1, “Glamorous Glennis.” He came to work for the NACA High-Speed 
Flight Research Station in 1950 and for many years headed the rocket propellant group at what 
became the NASA Dryden Flight Research Center, retiring March 11, 1977. 

44 Operation Paperclip brought many German scientists and engineers to this country after 
World War II. 

45 Robert H. Goddard was an American rocket enthusiast who worked with only a small crew 
of technicians. He managed to invent many of the technologies used on later rockets, but 
because of his secretiveness, almost all of them appear to have been reinvented by others. 
Thus, although he is considered by many to have been the father of American rocketry, it is 
arguable that his actual influence was slight. 

46 Gerald M. Truszynski was Chief of the Instrumentation Division at the High-Speed Flight 
Station and its predecessor organizations. He worked on the XS-1, D-558 and other early 
research aircraft and was responsible for setting up the High Range used for the X-15 flights 
before he moved to NASA Headquarters to set up the Project Mercury worldwide tracking 
network. See oral history interview of him and Hubert M. Drake, Nov. 15, 1996, in the NASA 
Dryden historical reference collection. 
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analyzed to produce the reports that were the product, and the result, and the purpose 
for what we were doing. 


SCOTT CROSSFIELD: The D-558-2, as I knew it — I never flew it as a ground 
takeoff airplane — was the airplane that wrote the book. The X-l air-launch tech- 
niques had proven to be good as a poor man’s first stage to get rid of a lot of the 
energy requirements at the front end of getting an airplane to altitude. That’s why 
they went to air launch for the D-558-2, and for many of the other reasons that my 
good friend Dick Hallion discussed. 

The air that we fly in doesn't like high sweep angles. It doesn’t like severe taper 
ratios. And it doesn't like low aspect ratios. And the D-558-2 had a little bit or a lot 
of every one of those. And it was classic in what it did as a swept wing. And that’s 
primarily the part I will discuss, as far as the handling qualities are concerned. The 
tips of [the D-558-2’ s] wings tended to stall before the roots of the wings. 47 And if 



Wing fences on a D-558-2. (NASA photo E-580). 


Wing slat on a D-558-2. (NASA photo E-816). 



that’s aft of the center of gravity (CG), the airplane wants to pitch up. And the pitch- 
up of the swept wings was the only characteristic that we didn’t like. Everything else 
was in our favor. It was low drag, had excellent supersonic characteristics, and many 
other things. 

So the D-558-2, probably with the group of the pilots here, must have done 
thousands of pitch-ups, with almost every device known to man on the wing of the 
airplane. And I’m going to discuss a few of those right now. What we thought was a 
massive bureaucratic operation in our day was to get one research airplane in the air, 


47 Stalling consists of flying at an angle and speed such that the wing (or parts thereof) 
experiences a separation of airflow and loses lift. 
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and to support the pilot down there in front with all of those great people of NACA 
on the South Base. And incidentally, the whole organization at that time was only 70 
people, including the janitors. Can you imagine trying to make that look big next to 
an Apollo launch? 

We went to air launch, as I say, to get to the energy level that would get us to the 
35-40,000 feet and up to launch speed without use of internal propellants. Inciden- 
tally, that’s a marvelous way to go flying, as compared to the usual commotion of a 
takeoff with full power and pounding down runways. Airplanes aren’t supposed to 
run fast on the ground, so that was a nice way to get flying. And that was a pretty 
nice airplane to launch. It didn’t go out of the B-29, or the mothership, with as much 
negative acceleration as the X-l, and it came out flying pretty well. Generally you 
could get the engines lighting as you felt the shackles let go. We very seldom lost 
[much altitude] — oh, maybe 100 feet — and the airplane was on its way. 

Also on the wing we tried a whole lot of devices to see if we could reduce the 
lateral transfer or flow of air that caused the separation of the air at the tips, which in 
turn caused the pitch-up and the tip stalls that were aggravated by the swept configu- 
ration. We put fences on it. We put more fences on the wings. We put notched 
leading edges. We put movable slats on the leading edge. And we put notches — 
different kinds of notches — different kinds of movable and immovable slats on the 
airplane. And really, not many of those things did an awful lot of good. The fences 
probably did as much good as anything, as I remember today. I do not believe that 
we put vortex generators on. 

The technique would be to go up there and pull G at a fairly constant rate, trying 
to maintain as constant an air speed as possible. And incidentally, there was some- 
thing we really re-learned with these kinds of wings. And that is that the old Cm^ 48 
was a bunch of garbage as far as this goes. And we had to go back to the Cm a - 
Because Cl was dropping so fast, that it looked like the airplane was going stable — 
when really it was going quite unstable at the time. And the airplane would pitch. 

The worst pitching airplane that we ever flew, and we saw some of those 
problems, was the hard-wing F-86, which was just like this airplane when you had 
everything locked up, and had just a plain untreated wing. And, of course, they made 
that to get the speed to be the MiG killer that it was in Korea. 49 And if we could solve 
pitch-up, the techniques and methods we used with this airplane were those that 
became the design criteria in almost every design room that built swept-wing 
airplanes. 

So that was a major contribution of the D-558-2, over a speed range of probably 
up to about Mach 1.5. We never really could do much when we got above those 
speeds. Because the speed wouldn’t stay up there long enough to maneuver and 


48 Cm^L represents the static stability in pitch of an aircraft. Cm is the pitching-moment 
coefficient. Cp is the lift coefficient. C ma is the partial derivative of the pitching-moment 
coefficient with respect to angle of attack — the angle of the airflow with respect to the wing 
of an aircraft. 

49 The F-86 averaged a 10:1 kill ratio over the MiG-15 in Korea, largely because the models 
used there featured the all-moveable horizontal stabilizer first flown on the XS-1 and the D- 
558s. Because their flight research was classified — although parts of the story about them 
were reported in the press — the Soviets were not aware of the benefits of the all-moveable 
horizontal stabilizer in transonic flight conditions. 
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accomplish what we wanted. And, of course, all of the work that we did with this 
airplane was to do it at enough altitude that the wing would stall before we reached 
its structural limits. I never had any of the roll-off with the D-558-2 that John and 
Bob Champine mentioned with this airplane. It was probably because I kept the ball 
in the center [laughter]. 50 

You know, I had to be chuckling. I want to tell a little story I mentioned last 
night. Everybody up here has been having trouble with his memory, along with me. I 
couldn’t remember what we did in this airplane. We were discussing that the other 
night at supper. And I mentioned that I was having a little trouble. I’d go into the 
flight service station. Couldn’t remember whether I came in to close a flight plan or 
to open a flight plan. And Bob Champine says, “Yes. Same thing. I'd be at the top of 
the stairs, and couldn’t remember whether I was going to go down or I’d just come 
up.” Griffith says, “I don't have any of those kinds of problems at all. My memory is 
just as good as ever — knock on wood [sound of rapping]. . . . Come in!” And of 
course that guy Butch — Butchart’s a frustrated fighter pilot. He had to fly 
torpeckers [slang for torpedo bombers] in the Navy. 

Incidentally, the airplane you saw — that beat-up B-29 — you ought to see some 
pictures of airplanes that Stan Butchart brought aboard a carrier. They were 
unflyable. He violated the laws of physics; he brought some airplanes home that 
were pretty badly beat up. And that’s one reason I gained quite a bit of respect for 
him. Because it wasn’t to save the airplane. It was that I believe on two occasions he 
had a badly injured backseat man. And he wasn’t going to abandon him. 

Well anyway, Butchart checked me out in a B-29 — much as he claims I 
checked him out in a C-45. That was very interesting. And I’m going to make a long 
story short. I said, “Do you stall a thing like this?” I’m an old fighter pilot. Stalls are 
pretty common. He says, “Yeah, you’re flying it.” So I pulled it back. And it began 
shaking a little bit. And I looked over at Butch, and I said, “Do you go very deep into 
the stall?” And he said, “You’re flying it.” And the guys in the back were beginning 
to scream. Because things were shaking pretty badly. Well, I didn’t want to seem to 
be chicken with this whole thing. So I looked at him, and he was very calm. Same 
way he is right now. So I pulled this thing back. And it was shaking. I’ll tell you — 
I’d never been in a Tehachapi earthquake that was shaking so badly. All of a sudden, 
the right wing went out. And when those four engines started going around, you 
knew you had your hands full. Well, it was with consummate skill, I got this thing 
out of the spin into a screaming dive, then leveled out. I think probably I was shaking 
a little bit by then. I wasn’t worried about me. I was worried about how I was going 
to explain to Vensel about that damn B-29. 1 looked over at Butch and I said, “What 
did you let me do that for?” He said, “You were flying it.” That’s his idea of a check- 
out. 

Incidentally, these guys did me some good favors, too. Bob Champine went back 
to Virginia. So Griff hired me. And then Griff got an offer from Chance Vought and I 
said, “Hey, take it — take it.” He left me with a fleet of the finest airplanes that a 
man ever got to fly. Howard Hughes couldn’t afford the airplanes that I got paid to 
fly. And it was a good crew. And it got so there we had a pretty good flight rate for 
awhile, before we moved to the good laboratory up on the north end. And it would be 
like an X-l to fly for breakfast, X-4 for lunch, and a D-558-2 in the afternoon. And 


50 A reference to centering the turn-and-bank indicator. 
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where could you get it better than that? 

Of course the D-558-2 was one of our major projects. One of the things that very 
few people know is that when we were looking at a lot of the work we were going to 
do and then follow up with the X-2, 1 began working on what became the grandfa- 
ther of all of our current full-pressure suits. The full-pressure suit final development 
was done at NACA at Edwards Air Force Base, and we went a long ways to doing 
that — to building the full-pressure suit. 51 

The first operational flight of a full-pressure suit was done by Marion Carl. He 
wore an exact duplicate of the one that we were developing. On the altitude flights, 
he went to 83,000 feet for the unofficial record that Butch mentioned. I mention that 
because it was kind of the way we did things in those days. Nobody ever said we 
could. But nobody ever said we couldn’t. And we never asked permission. 

The full-pressure suit — much of it was sewn on my wife’s sewing machine. 
Incidentally, it was a Clark development. And very few people realize that David M. 
Clark probably was involved with the development of every bit of soft goods a pilot 
has worn since probably 1937 — whether it be G-suits, coveralls, helmets, ear 
protectors, much of the electronic gear, or that sort of thing. And he put a lot of his 
own money in it. And sadly, Dave Clark’s gone. Because the nation misses men like 
him. He sent his people out here. And they lived at my house. And I built the back 
pad for the suit in my garage. We welded up the pressure bottle, and stress tested it in 
the shop. Jim Artz welded that up, I believe. Maybe it was Eddie Lane — names I 
think a lot of you people remember. 

So we built this pressure suit. I built the console to test the suit, and did that sort 
of thing. The way we did things in those days is: I bought the regulator that had the 
gas ventilation flow go through it from the local gas company for seven dollars. The 
only bureaucratic problem I ran into was, when I wanted my seven bucks from 
NACA, I’d lost the receipt. And so I had to sign a voucher and say I really bought 
this thing. Now if you can imagine the United States government today allowing you 
to use something that only costs seven bucks, and didn’t have any paper on it other 
than an invoice receipt, well, then you might begin to understand how it is we got 
some things done in those days, in that glorious era where everything that couldn’t 
be done was done in flight test, based on professional judgment and just moving 
ahead. 

It was, though, on these flights, as Butch described, that we began to realize that 
we ought to have only one guy on the radio. And he preferably ought to be a pilot. 
That finally went over through the development that we did on Apollo, and Mercury 
and Gemini, where they had an astronaut as the one guy on the radio. Because it 
would get so you had 15 people talking to you. The hydraulics guy wanted you to do 
this. The aerodynamics guy wanted you to do that. And finally, I had a habit of just 
turning the damn radio off, which didn’t help my reputation with the people on the 

51 See documents 31-34 of this volume. By themselves, these documents are misleading and 
need to be read in conjunction with the narrative. The Air Force pressure suit mentioned in 
document 3 1 was not a full- but a partial-pressure suit. It was used extensively in flights at 
Edwards. The Navy full pressure suit discussed in documents 32-34 was much more develop- 
mental than the documents suggest. Scott Crossfield is emphatic that full credit for its 
development should go to Joe Ruseckas of the David Clark Co., who worked closely with him 
in the development effort. As Crossfield says in the narrative, much of the development took 
place at Edwards and in his garage at home. 
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ground very much. But it sure helped me get things sorted out. 

On the D-558-2, 1 made the first NACA air launch in aircraft number 3, NACA 
145, that used the rocket [as well as a jet] engine. And on that flight, we were going 
to go up and start exploring the transonic characteristics of setting the trim, and 
comparing it to the X-l, as we described here earlier, to see how much difference 
there was in the AC 52 shift of the swept wing versus the straight wing. And it was 
appreciable, in that it had a larger chord on the swept wing. And the percentages 
were about the same, but the moments were a great deal larger. 

On that flight I lost an engine. The J34 engines did not like altitude, in spite of 
one of their representatives here today who claimed they did. I went through about 
35,000 feet on the rockets. And the jet engine sounded like a .50 caliber machine gun 
going off. Very similar to the problems we ran into with a similarly constructed 
engine in the X-4s. I lost the engine. And as the engine was spooling down, 1 quickly 
lost all of the electrical power. 

This was because of another totally isolated problem — that the reverse current 
relay wouldn’t cut in until the generator output was down to 11 volts. And while it 
was coasting from what it needed — around 18 volts to 1 1 volts — I had no radios, 
no electrical power, no instruments. I also lost cabin pressurization and ventilation. 
And the windshields iced over. So about the only choice I had was to put the sun on 
a spot in the windshield, and then fly the airplane so it stayed there and so I knew at 
least the airplane was right side up. And it was doing something it was supposed to 
do. 

You cannot fly blind. That’s absolutely true. Your sense of balance, and your 
ears, and your eyes, and all of that, will not let you fly by the seat of the pants, blind. 
So that was really the only instrument I had at that time. The needle was beginning to 
wind down, and I didn’t trust it, because it was electrically powered. 

John Conrad came up on my wing, and he just told me what to do — lower the 
wing, raise the wing, and all that. He brought me all the way home. I owed him a 
drink, and I bought it for him. Incidentally, as Fitz Fulton reminded me the other 
night, he was the other chase pilot on that flight that day. 

That was one experience with the D-558-2. And so from then on, we were very 
cautious. We didn’t take the jet engine out to speeds at altitude. The reason for the 
problem on that was, it was one of the first engines Westinghouse made, or anybody 
made, that had an annular burner can. 53 And when you got way out of design 
pressure altitudes, the rotary component — the air going through the engine — 
would cause quite a radical increase in pressure. And the turbines weren’t really 
seeing what the temperature was telling you or the loads on them were telling you. 
This was a common problem with those engines, until they put flow straighteners in 
them coming out of the burner can. 

The way we did things then was something that I would like to leave, if I leave 
anything with this group here. Because if you remember — we went Mach 2 in 
1953. Today the only airplanes that ever went significantly in excess of Mach 2 some 


52 AC is aerodynamic center — the point in the cross section of the wing about which the 
pitching moment stays practically constant despite changes in angle of attack. It is the center 
of lift with respect to the chord of the wing. 

53 An annular burner can was a combustion chamber on a gas turbine engine that had circular 
inner and outer boundaries. (Can was simply another name for a combustion chamber.) 
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40 years later are all in museums. There’s something un-American about that. 

There’s something we ought to be able to leave here that would encourage younger 
people to take the risks and the gambles. And I don’t mean with personal hazard — I 
mean the technical risks and the monetary gambles that it took to get where we were 
going in those days. 

I’d like to give an example of how we worked on those airplanes. We had a 
lakebed that looked like your lakebed looks out here today [that is, filled with water]. 
And we put a drogue ‘chute on the airplane. I designed the drogue ‘chute. Jim Artz 
welded up the piece. Then we riveted the container for it on the back of the airplane, 
and literally used parachute pins to open some spring-loaded doors. And that would 
pop out a little drogue that would pull the big drogue out. 

We were going to have the capability to use the 5,000-foot strip down on the 
South Base, 54 which was all we had at that time — and keep flying when the lakebed 
was wet. Unfortunately, that same problem with the reverse current regulator came to 
bear again. On the first landing, I rolled down, the engine was spooling down, and, 
of course, the battery didn’t cut in. There wasn’t enough voltage to pull the pin on 
the parachute, so I rolled all the way down on the runway — and fortunately again, 
with consummate skill, managed to save the airplane with a half ground loop at the 
end of the runway — and then heard the thing come out. And the parachute fell on 
the ground! My reputation as an inventor didn’t last very long after that sort of thing. 
We fixed the ‘chute so it did work, but we never did use it on the runway. 

Those were the kinds of things we did. The pilots had a big involvement and 
participation in what we did with the airplane. We used professional judgment. And 
we never had to ask anybody in Washington or the Air Force about what we wanted 
to do. A lot of times we weren’t really sure what we were doing, except that we could 
make some plans of our own, based on professional judgment. There are many more 
stories like that and like the development of the pressure suit. And the reason for this 
long-winded dissertation is that I would hope the young people that are coming along 
now would say: “Hey, I can do that.” And go do it. No more of this “whose budget is 
it going to come out of? Well, we tried that before. Did you think of this?” And all of 
those cop-outs that caused all of our failures to be in direct proportion to a reason or 
explanation of why we didn’t do something. 

With the 144 airplane [which had its turbojet engine replaced by a rocket engine 
in 1950], I did a dead-stick 55 landing. Picked up a Joshua tree on landing, and I got a 
little bit of ribbing from the crew. They photographed that Joshua tree that I’d picked 
up in the landing gear, and put the photo in a frame. And it hangs in my den today. 

So if my conceit needs calibrating, I can contemplate this and [laughter]. 

To get to the high-speed flights. I’d like to make reference to Bill Bridgeman. 

All of these airplanes had a characteristic that was called high-speed yawing or the 
instability that came with high speed. It really came with high speed and high 
altitude. The high altitude reduced the aerodynamic damping. So any small instabili- 


54 According to James O. Young, Meeting the Challenge of Supersonic Flight (Edwards AFB. 
CA: Air Force Flight Test Center History Office, 1997), p. 28, the main runway at South Base 
of Muroc Army Airfield (later renamed Edward Air Force Base) was already 6,500 feet long in 
October 1946. In any event, it was not exceptionally long. 

55 That is, without engine power. 
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ties were magnified to a large degree. Those things that did in Yeager, and Apt, and 
Murray on the X-l airplanes and the X-2 airplanes, were also similar to characteris- 
tics on the D-558-2 — probably more like the X-2 because of the inherent dihedral 56 
that we got from the swept-wing. And it would maybe oscillate once and then 
diverge. Or if you were at too low a G, it would diverge — directionally diverge 
[from straight and level flight] . 

Bill Bridgeman found that by manipulating the G, you could control the rate of 
this divergence, and give yourself time to get in very soft controls to hold it on 
almost a knife edge, if you please. He taught that to me. And by virtue of learning 
that, we overcame that “supersonic yaw,” as the newspapers called it. And we 
managed to take the airplane out substantially beyond its expected design speeds. 
And in the course of that, we also were doing intermediate flights, going along with 
this stuff. 

And we never did get into any of those instabilities that we were right on the 
ragged edge of all the time. And it was largely a flying technique. Because really 
these divergences and motions that we got into were not as expected as many of the 
other things that we encountered in high-speed flight. We knew that the X-2 was 
unstable directionally, statically, and dynamically at a certain speed. 57 We knew that 
the X-l A and D were unstable at a certain speed directionally, both dynamically and 
statically. But we really didn’t know the manifestation of “supersonic yaw” and why 
it was happening in those days. In fact, do you remember why they had that huge tail 
on that X-15? I put that on there. 58 Fighter pilots need a lot of tail. And you don’t 
have to live with those instabilities if you have an idea of what it is all about. 

On the Mach 2 flight, people claim that I went to the Navy and got them to 
convince Dr. Dryden to let us do that. And I really didn’t do that. I just dropped a 
hint to the Navy — that wouldn’t it be great if they could whip Yeager’s ass, and beat 
him to Mach 2! We knew that we had a very marginal situation. We were determined 
that if we did everything just right, we could thread that needle right out there where 
Ankenbruck had calculated it, and come out with about Mach 2.03, or something like 
that. 59 


56 Inclination to roll about the longitudinal axis. 

57 Static stability is the ability of an airplane to return to straight and level flight after it has 
been disturbed by an outside force, such as atmospheric turbulence. To give one example, if 
the turbulence forces the nose up slightly, a statically stable aircraft will return to level flight. 
If the aircraft is statically unstable, on the other hand, it will nose up still more than it did 
initially. Dynamic stability is the property of an aircraft that enables it gradually to reduce an 
oscillatory motion produced by an outside force and return to straight and level flight. The 
aircraft is dynamically unstable if it increases the magnitude of its oscillations unless con- 
trolled by the pilot. 

58 To provide some background to this development, analytical studies at the NACA’s Langley 
Aeronautical Laboratory by a team headed by lohn V. Becker indicated the need for a large 
cruciform tail configuration on the X-15, with a “wedge” vertical fin to give an increase in 
effective vertical fin area. 

59 Herman O. Ankenbruck was the project engineer on the D-558-2 who designed the flight 
plan to achieve Mach 2 by climbing to about 72,000 feet and pushing over into a slight dive. 
Hallion, Supersonic Flight, p. 179. 
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We put nozzle extensions on the propulsion system. I had earlier on put the tank 
regulators up in the cockpit, so that once we started the engines with the normal 
pump inlet pressures, I could crank up the tank regulators another 10 or 15 pounds. 
That was magnified with a pump inlet pressure. And that would give us a lot higher 
pressures in the rocket — in each of four rocket chambers. That, with the nozzle 
extensions, gave us an airplane that almost had 9,000 pounds of thrust, as compared 
to the spec 6,000 pounds of thrust. It also burned the fuel a lot faster — appreciably 
faster, anyway. 

So after launch, and I got the four engines going, I would crank up the regula- 
tors. It was just a little bit of a throttle to get them up. The nozzle extensions, I think, 
gave us probably 1,000 of the couple thousand pounds of thrust that we gained. It 
wasn’t the first time we’d used them. But it’s the first time we ever used them to total 
advantage. 

We took that airplane. And everybody said supersonic parasite drag is not a 
thing of consequence. But we didn’t give a darn. We taped every crack in that 
airplane. We polished it. And it just shone like a — I won't say it. It would get me in 
trouble politically. And it was very smooth. We took every bump off of it, and sanded 
it. 

And then one of the things we did — we were looking to remove every pound of 
drag we could on the airplane. The two jettison lines that stuck out the aft end of the 
airplane that kept the fuel away from the B-29 were not really an essential part of the 
D-558-2 if we launched. So Jack Russell made a couple of aluminum lines. Instead 
of going straight out to jettison this, they curved back into the rocket engine wake. 

So if I launched and fired the engines, they burned off and fell on somebody’s house 
out here. But we didn’t have to carry them around with the additional drag they 
produced. There was also another overboard vent line that came from the fuel tank 
off the side of the airplane. We took that off the airplane, and put it on a bracket on 
the B-29 so that when I dropped away, that was flush. So there just was nothing 
sticking out on this airplane anywhere. 

On the night before the flight, we cold soaked the alcohol all night long using a 
big refrigeration unit. We got it so cold that probably we added another 10-15 gallons 
to the capacity of the alcohol tank. And we also cold soaked the airplane. We loaded 
the liquid oxygen (lox) in it very early that night before, and then kept upgrading it 
all the time so that instead of being at -292 degrees, it was probably colder than that. 
And we got more lox on board. 

That almost did us in. The next morning, it was so cold that when they loaded 
the peroxide, one of the overboard vents choked with ice. And so the pressure from 
the loading peroxide vented it out through another part of a manifolded venting 
system for that tank and sprayed out of the airplane and on to one of the mechanics 
— Jack Moise. Jack hollered, and put his hands over his face. And another chap 
named Kincaid — and I can’t think of his first name. Do you remember, Vicki? 

VICKI IKLER [a retiree from the audience]: Gil. 

CROSSFIELD: Gil? Oh, that’s a drink measure, isn’t it? Okay. Now I know. I'll 
never forget it. Anyway, he grabbed the hose. And he hosed down Jack Moise. And 
we immediately bundled him over to the nurses’ station. Jack went inside. And the 
nurse began working on his face, washing out his eyes, and that sort of thing. We 
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were concerned. Because peroxide is a very vicious chemical — very active. Well, I 
took him over there. I saw that Jack was being taken care of, and I was going to head 
out for the airplane. 

Then I looked over at Kincaid, and he was sitting there soaking wet. And it was 
a bitterly cold morning. I said, “You must be cold. Aren’t you freezing to death?” He 
said, “No. I’m really quite warm.” “Oh, that’s great.” Whoa! — I turned around. He 
was cooking. He was full of hydrogen peroxide himself. And he was getting warmed 
up from that. He thought I was nuts because I began pulling his pants off, and he 
didn’t know what my intentions were. Well anyway, he had two pairs of pants, and 
two pairs of winter underwear on. When we got down to his legs, he had those white 
spots on him that were characteristic of hydrogen peroxide burns. 

So that was the kind of morning we started out with. I had a pretty bad case of 
the flu. But I wasn’t about to give up after all the work that crew had done on that 
airplane. We went out, and very fortunately, we had a little help from wind shear and 
a flight plan that worked for a change. I was up on the edge of my seat. Everybody 
was that way. And that day I didn’t even have to turn off the radio. So I had a lot of 
advice, which was a bad habit. I went out and threaded that thing, and we made our 
Mach 2.001 — or 2.005 they said. It was 1,338 mph. Then they finally re-corrected it 
to 1,291 and something miles an hour. Mach 2.005, 1 believe, was what they gave 
me. That sounds like a little press release because I made it past two. Walt was pretty 
happy. And we were happy. It means nothing technically. It meant nothing from a 
research standpoint. It only meant that we got in the ball game, and we got a score on 
the board. And we beat Yeager there that time. 

The Navy was pretty happy with that, and made quite a bit of a to-do about it. 
And I was pretty happy, because I was invited to the 50th anniversary of flight down 
at San Diego where the Ryan Corporation was celebrating. And my dinner partner 
that night up on the head table was Esther Williams. So see, there are rewards for. . . . 

The sequel to that story is it almost caused me a divorce. Esther got up to make 
her speech. And she said, “You know. I’ve been getting a lot of static all night long 
about sitting next to the fastest man on earth. But I don’t believe it. He hasn’t laid a 
hand on me yet!” So without thinking — or maybe I was thinking — I reached over 
and swatted her on her beautiful behind. And my wife never did forgive me for that. 60 
Thank you. 

HALLION: I think we’ve had a really great day. We're running just a little bit 
behind. But with our panelists here, we’ll take at least ten minutes Q and A [ques- 
tions and answers]. So gentlemen, and audience, the floor is now yours. I'll repeat 
the questions, for those who may have trouble hearing them. Do we have a question 
out there? 

DILL HUNLEY: Dick, this isn’t just about the D-558. But the two D-558s and the 
X- 1 shared the movable horizontal stabilizer. And there was a video the British put 
out last year that attributed that innovation to British research. Do you know if 
there’s any truth to that? 


“This story, including the quotation but not some of the details, is also told in Crossfield’s 
Always Another Dawn, p. 179. 
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HALLION: It’s an utter myth. This obviously has been a symposium concentrating 
on the D-558. But there is something here that we have to talk about regarding the X- 
1 for a minute. The British television program was picked up by Nova [a Public 
Television Broadcasting Station television series in the U.S.A.] — and to give Nova 
its credit, it recognized there were a lot of flaws in it. The Nova people tried to work 
as much as they could with the video. They had to work around those flaws and 
some of the problems in it. The video that had been done in Great Britain suggested 
that there was a technology transfer from the Miles Aircraft Corporation and the so- 
called Miles M.52 program, which was a proposed transonic research airplane that 
never went anywhere. 61 

The video suggests that there was a transfer from the Miles M.52 effort into the 
XS-1. Absolutely false. Partisans for the Miles M.52 program suggest that after it 
was canceled, data was transferred to Bell. At the time that the M.52 was canceled, 
the XS-1 was already flying. Its design had already been fixed. And there was no 
possible way that there could be any technology transfer there. 

This same issue on the all-moving tail — you know, actually the all-moving tail, 
if we think about it, is like other devices that we’ve experienced — the flying wing, 
the swept wing, for example. You know, if we go back in time, you can find prede- 
cessors. But you have to think: why were the people actually applying this technol- 
ogy to a particular aircraft design? In the case of the swept wing, which we have 
talked about today as a means of alleviating transonic drag rise and achieving good 
high speed performance, the concept actually dates back to the days of John Dunne, 
before the First World War, where he was using the swept wing to alleviate stability 
and control problems with tailless airplanes. It bore no relationship to the high-speed 
requirements that people were looking at in the 1940s. 

We had actually had all-moving tails appear as early as pre -World War I air- 
planes. In fact, if you take a look at the Wright flyer, you have here a canard surface 
that’s an all-moving surface. But that’s a very different thing from what people were 
actually trying to do here. 

The NACA at Langley field in the 1940s undertook some very interesting 
research with an airplane called the Curtiss XP-42, which they modified to have an 
all-moving tail. And they studied the benefits and the advantages of the all-moving 
tail thoroughly and recognized, certainly by mid- 1944, that if you were to develop a 
high speed research airplane, that would be a very desirable attribute for the aircraft. 
So this idea that somehow the all-moving tail we’ve talked about was something that 
we gained because we had exposure to or benefited from some foreign research — 
once again, that’s simply not the case. And I’m glad you raised the question. Dill, 
because it’s an important point to bring out. Other question here? 

NEW SPEAKER (unidentified): I'll throw this to whoever wants to catch it. I 
understand a lot of the testing that’s gone on. You did your structural testings and 
your coupling and rolling. But I heard no mention of the structural aerodynamic 
aero-elasticity validation of the airplane, and was just wondering what particular 
techniques you used to get stabilized on a dynamics point. 


61 It was canceled in 1946 according to Jane’s Encyclopedia of Aviation, Michael J. H. Taylor, 
ed. (rev. ed.; New York: Crescent Books, 1996), p. 675. 
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HALLION: Okay, Scott. It’s all yours. 

CROSSFIELD: That one’s kind of easy to answer. Number one, the structural 
demonstration was the responsibility of the contractor. And Douglas demonstrated 
the airplane would meet the design-limit stress, and took it just beyond limit to 
establish that. But these airplanes were built so strong, that they were — aerody- 
namically for what we were doing — virtually rigid. And so the aero-elastic effects 
hardly ever showed up in the airplanes. The natural frequencies of the wings were 
very high. And they didn’t have much effect on the kind of stability-and-control 
handling qualities that we’re talking about. And that’s one of the reasons it didn’t 
show up. 

On the D-558-1, there was a rudder buzz at about Mach 0.999, just as it was 
going to Mach 1.0. And I don't believe anybody ever went into that rudder buzz. 

That was the only dynamic problem that I remember on any of those airplanes. But 
it’s primarily the strength of the airplanes. They were 18 G and 12 G airplanes, 
respectively [that is, 18 Gs for the D-558-1 and 12 Gs for the D-558-2] — very rigid. 

HALLION: Okay, Scotty. Next question? 

NEW SPEAKER: Dick — Where did the designation 558 come from? 

HALLION: The Douglas D-558 designation was a company designation. Douglas 
used that prefix and numbering system for its own aircraft. You know, it’s really 
funny. Because when Ken [Szalai] was getting the symposium together, there was 
this idea of calling the symposium “The X-Planes That Weren't.” And it’s really true, 
you know. If we think about it, these were X-airplanes — undoubtedly. But they 
were just like the XL-92A, which ostensibly from that designation, you'd think was a 
prototype fighter, but in point of fact, it was a delta-wing technology test bed, was an 
X-airplane. But the X designations, as they started out, actually were XS designa- 
tions in those very early days. And they were basically the province of the Army Air 
Lorces — later the United States Air Lorce. And it was not really until we got beyond 
the X-15 era that we started thinking of the X designation as a national designation 
system, so that it was applied to aircraft that came from organizations other than the 
United States Air Lorce. And remember the X-15 had a three-man executive steering 
committee, beyond the NACA research airplane projects panel. You had an Air 
Lorce, a Navy, and an NACA — later NASA — representative steering that. So that 
clearly, you know, if we were developing the D-558-1 and -2 today, each one of them 
would undoubtedly have a separate X-series designation. But the D-558 was a 
corporate designation. 

There was, incidentally, a D-558 that we haven't mentioned here today. And 
before the conference concludes, we should mention it. The Office of Naval Re- 
search was very interested in hypersonic flight. And in response to that, Heinemann 
and his design team put together a proposal for a so-called D-558-3, which would 
have been a Mach 6 research vehicle. And that was one of the concepts proposed for 
what eventually became a competition among several aircraft manufacturers that 
resulted in the North American X-15. But that was the D-558 that never was, so to 
speak. 

Other questions? Well, I think we’ve had a very good session. And I’m sure 
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there’re a lot of you who want to meet in person with our panel. I want to thank you 
all for your attendance today. And I want to thank the leadership of the Dryden Flight 
Research Center for having put this program together. I think Ken Szalai is out here 
in the audience someplace — or he was earlier. And Ken, you very much deserve a 
kudo for this. I must say, the activity of this Center over the last few years in putting 
together historical symposia has been outstanding. So, here’s one for you. Thanks a 
lot. [Audience applause] 



Cover of Flights of Discovery showing William S. Phillips' painting Mach 2 Dawn from the NASA 
art program. The painting depicts Scott Crossfield’s Mach 2 flight in the D-558-2 described in 
these pages. 
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SCHNEIDER: Well, I was thinking, first of all, of how fortunate we are to have Dr. 
Richard Hallion — not only as a historian, but as a biographer and as an aviation 
advocate. Secondly, how fortunate this country has been to have these pilots. Also, 
the design team at Douglas, and the crews that made the airplane what it was, and 
created this great database that this country has built its supersonic and transonic 
capability on. Third, how fortunate we are to have these people here today, so many 
years later, and able to talk to us personally where we become a part of this history 
now by participating in it. And finally, how fortunate we will be if we really listen 
carefully to the lessons learned, think about them, and apply them in our own areas 
of responsibility. 

I want to close this up by reading off the names of all the pilots that flew the D- 
558. And I'm going to group them together. And I'll identify them by organization: 

From the United States Marine Corps: Maj. Gen. Marion Carl. From the United 
States Navy: Captain Frederick Trapnell and Commander Turner Caldwell. From the 
United States Air Force: Fieutenant Colonel Frank Everest, Major General A1 Boyd. 
From the Douglas Corporation — these are gentlemen that really had a tremendous 
number of flights in the airplane: John Martin, Eugene May, Bill Bridgeman. And 
lastly, from NACA: Bob Champine, Howard C. “Tick” Filly, John Griffith, Scott 
Crossfield, Walter Jones, Stan Butchart, Joe Walker, and John McKay. 

I want to thank these participants. And we’re very pleased to have a representa- 
tive, Charlie Delavan from Douglas, to help celebrate this great anniversary today. 

And in recognition of that, we have a small memento. We’d like to ask the four 
pilots, Charlie Delavan, and Dick Hallion please to come up here. And I’ll present a 
small token of this day. Just come on up here. 

We have a copy of a painting for each of you — Mach 2 Dawn — a very famous 
painting, which also happens to be on the cover of our 50-year history. Flights of 
Discovery. And we’re pleased to present each of you with this as a remembrance of 
this day. So we'll start here. 

[PRESENTS COPIES] 

So thank you, gentlemen. [Audience applause] 

[END OF SYMPOSIUM] 


60 



Appendix — The Aircraft 


Douglas D-558-1 

The Skystreaks were roughly 35 feet long, 12 feet high, and 25 feet across the 
(straight) wing span. They were powered by one Allison J35-A-1 1 engine (developed 
by General Electric as the TG-180), which was rated at 5,000 pounds of static thrust. 
The airplane carried 230 gallons of aviation fuel (kerosene). 

NACA 140 is located at the Naval Aviation Museum in Pensacola, Florida. 
NACA 142 is at the Marine Corps Air Ground Museum, Quantico, Virginia. 




Douglas D-558-2 

All three of the Skyrockets had a height of 12 feet 8 inches, a length of 42 feet, 
and 35-degree swept wings with a span of 25 feet. 

Until configured for air launch, NACA 143 featured a Westinghouse J34-40 
turbojet engine rated at 3,000 pounds of static thrust. It carried 260 gallons of 
aviation gasoline and weighed 10,572 pounds at take-off. 

NACA 144 (and NACA 143 after modifications in 1955) was powered by an 
LR-8-RM-6 rocket engine rated at 6,000 pounds of static thrust. Its propellants were 
345 gallons of liquid oxygen and 378 gallons of diluted ethyl alcohol. In its launch 
configuration, it weighed 15,787 pounds. 
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NACA 145 had both an LR-8-RM-5 rocket engine rated at 6,000 pounds of 
thrust and a Westinghouse J34-40 turbojet engine rated at 3,000 pounds of static 
thrust. It carried 170 gallons of liquid oxygen, 192 gallons of diluted ethyl alcohol, 
and 260 gallons of aviation gasoline for a launch weight of 15,266 pounds. 

NACA 143 is currently in storage at the Planes of Fame Museum, Ontario, 
California. The second Skyrocket, NACA 144, is in the Smithsonian Institution’s 
National Air and Space Museum in Washington, D.C. NACA 145 is on display in 
front of the Antelope Valley College in Lancaster, California. 
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Document 1 : Memo, Hartley A. Soule, [NACA] Research Airplane Projects Leader, 
To NACA, Subject: Discussion of D-558-1 airplane projects at NACA Headquar- 
ters on June 8, 1949, Date: June 13, 1949 
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Document 2, Memo, Donald R. Bellman, Aeronautical Research Scientist [at NACA 
High-Speed Flight Research Station], To: [NACA HSFRS] Chief of Research, 
Subject: Information concerning elevator vibration of the D-558-1 airplane, Septem- 
ber 19, 1951 
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Muroc, California 
October 12, 1951 


MEMORAJiDUM for Chief of Research 

Subject* Progreso report for D-558-1 airplane (142) for the 
period September 22 to October 5* 1951. 


1* The airplane was out-of-commission for the entire 
report period because of an inspection and overhaul of the 
stabilizer actuating mechanism. 


2. In connection with the tail buffeting intensity varia- 
tion with altitude, lift, and angle-of^nttack, additional data 
was deemed necessary and is being worked-up. 

3. The work-up of tail load data over the Mach number range 
from 0.47 to- 0*85 has been completed except for pitching accelera- 
tion corrections which are required for pome runs. 


DRB,mera 


fyoyivJZof R /3 

Donald R. Bellman 
Aeronautical Research Scientist 


cc* MCA Headquarters (2) 
Ames 
Levis 
ChBuAero 

Navy Liaison* Mu roc 
Projects Engineer 
Files 



Document 3, Memo, Donald R. Bellman, Aeronautical Research Scientist, To: Chief 
of Research, Subject: Progress report for the D-558-1 airplane (142) for the period 
September 22 to October 5, 1951, Date: October 12, 1951 
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Howards, California 
July 23, 1952 


MEMORANDUM for Chief of Research 

SubjectJ Progress report for D-558-I (14-2 ) research 
airplane for the period June 28 to 
July 11, 1952. 


1. Flight ?8 was made on July 2, 1952 for the 
purpose of obtaining data in connection with the 
aileron effectiveness investigation. 

2. Aileron roll data has been completed at 
10,000 feet altitude for Mach numbers from 0,4 to 
O08 and at 25,000 feet altitude for Mach numbers 

from 0.45 to O.85. This data extends and substantiates 
earlier roll data. Data up to the limiting speed of 
the airplane will be obtained at 35,000 feet altitude 
on subsequent flights. 

I 

Dawasr /J 

DRB:mem Donald R. Bellman 

'■ Aeronautical Research Scientist 



ccl NACA Headquarters (2) 
Ames 
Lewis 
ChBuAero 

Navy Liaison. Edwards 
Projects Engineer 
Files 



Document 4, Memo, Donald R. Bellman, Aeronautical Research Scientist, To: Chief 
of Research, Subject: Progress report for the D-558-1 (142) airplane for the period 
June 28 to July 11, 1952, Date: July 23, 1952 
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Edwards, California 
July 30, 1952 


MEMORANDUM for Chief of Research 

Subject: Progress report for D-558-I (l*t2) research 

airplane for the period July 12 to 
July ?5, 1952. 


1. Flights 59 and 60 were made on July 17 and 22, 
respectively. Both were research flights for the 
purpose of obtaining data in connection with the 
aileron effectiveness and the dynamic longitudinal 
stability programs. 

2. Aileron rolls at the limiting Mach number of 
the airplane are still needed to confirm and extend 
the indicated decrease in the aileron effectiveness. 

3. The tail buffeting magnitude data has been 
extended and is being reviewed by the section head. 

4. The horizontal tail load data has remained 
dormant because the engineer is needed on the D-558-II 
tail load program. 


DRBsmem Donald R. Bellman 

Aeronautical Research Scientist 



cc: NACA Headquarters (2) 

Lewis 
Ames 
ChBuAero 

Navy Liaison. Edwards 
Projects Engineer 
Files 


rvfyr 

i ■'•n. ' 
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Document 5, Memo, Donald R. Bellman, Aeronautical Research Scientist, To: Chief 
of Research, Subject: Progress report for the D-558-1 (142) research airplane for the 
period July 12 to July 25, 1952, Date: July 30, 1952 
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Edwards, California A -~7 

December 11, 19$2 ' 


MEMORANDUM for Chief of Research 

Subject: Progress report for D-££8-I (3li2) research airplane for 

the period November 1 to December 1, 19?2© 


1. The airplane vras returned to flying status in this period 
but heavy rains and wet lake bed conditions have prevented additional 
flights. 

2. During the past year the lateral control effectiveness 
investigation was completed and the dynamic stability investigation 
was started. The flight maneuvers for the longitudinal and lateral 
dynamic stability program consist of elevator and rudder impulses. 

The data are to be obtained over a range of Mach numbers to 0 o 90 

and at altitudes of 2$, 000 and 3£,000 feet. At the present time about 
one-third of the elevator impulses and a few of die rudder impulses 
have been obtained© The data from the three most recent flights is 
being placed on IBM cards which trill be sent to Langley for computation 
on IBM machines. Six to eight flights will be reqiired for the 
completion of the flight investigation. 

3. The tail load and tail buffeting magnitude programs have 
complete sets of flight data and partially completed analyses© 

Both programs are dormant because the engineers have been needed for 
work on the D-558-II and the X-3 programs. 


ERPjniem 


DEB 




Donald R. Bellman 
Aeronautical Research Scientist 


ccj NACA Headquarters (2) 
Lewis 
Ames 

ChRuAoro 

Navy Liaison, Edwards 
frojects Engineer 
Files 


CONFIDENTIAL 






Document 6, Memo, Donald R. Bellman, Aeronautical Research Scientist, To: Chief 
of Research, Subject: Progress report for the D-558-1 (142) research airplane for the 
period November 1 to December 1, 1952, Date: December 11, 1952 
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Muroc* California 
September 13* 1951 


MEMORANDUM for Chief of Research 

Subject* Progress report for I>-558“ri (37974) research airplane for the 
period August 25 to September 7* 1951. 


1« The airplane along with BuAero No. 37973 was delivered on August 31. 
The NACA designation for 37974 will be No. 144, 

2. The Operations Section is inspecting the airplane? and work has 
been started on the instrument changes. The major instrument changes are 
installation of fuselage and base pressure orifices and manometers* and 
the connection of certain wing* horizontal and vertical tail strain gages. 


3- It is expected that the NACA. expT oratory flight test program will 
begin in about two weeks. 



cc* NACA Headquarters (2) 
Ames 
Lewis 
ChBuAero 

Navy Liaison* Muroc 
Projects Engineer 
Files 


Document 7, Memo, Herman O. Ankenbruck, Aeronautical Engineer, To: Chief of 
Research, Subject: Progress report for the D-558-II (37974) research airplane for the 
period August 25 to September 7, 1951, Date: September 13, 1951 
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Muroc, California 
October 16, 1951 


MEMORANDUM for Chief of Research 

Subject* Progreso report for D-55&-II (144) research airplane for the period 
September 22 to October 5» 1951* 


Present status 


1. A flight was made as scheduled on September 28. The operation of the 
engine wae rough on 3 cylinders. The inverter failed about halfway through the 
flight and some data was loat. The maximum Mach number reached whs 1*2 at 

45 f 000 feet altitude. 

2. A preliminary analysis of the limited amount of data obtained to date 

has shown that* 1 


i/ 



(a) . The directional stability and damping decrease markedly as Mach 

number is increased to 1.85. 

(b) . There are large changes in the rudder hinge-moment parameter, Cjj , 

with power becoming positive at Mach numbers near lo8. a 

(c) . A directional trim change appears to exist at Mach numbers near 1,4, 

It is felt that the development of the lateral oscillation is 
associated with this trim change, the changes in rudder Cjj^, and 

the fact that the rudder was not rigidly fixed. (Static tests showed 
that for hinge moments measured in flight it was possible for the 
rudder to defleat as much as 2° in the locked position), 

(d) 0 There appears to be no wing dropping on No. 144 airplane -at Mach numbers 

from 0.9 to 1.0. Data obtained with the No. 145 airplane shows that 
some initial aileron trim is required throughout tho speed range, 
and that a slight wing-dropping occurred at a Mach number of 0.96. 

This wing dropping may in part be due to a measured decrease in 
aileron effectiveness at about the same Mach number. On the No. 144 
airplane, some aileron deflection was used to correct the directional 
trim change at a Mach number of 1.4, noted in (c) above. 

(e) . The data thus far obtained show nose down trim changes near a Mach 

number of 1.0 and a reversal to none up trim near a Mach number of 
1.1. This nose up trim change appears to reduce as the Mach 
number increases further to 1.8. As Mach nurnbor is increased 
from 0.6 to 1.7, the stabilizer effectiveness appears to decrease 
to approximately 30 percent of the low speed value. 


iilLifiSiilr 



Document 8, Memo, Herman O. Ankenbruck, Aeronautical Engineer, To: Chief of 
Research, Subject: Progress report for the D-558-II (144) research airplane for the 
period September 22 to October 5, 1951, Date: October 16, 1951 
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Thera ie no data between Mach numbers of 0.95 and 1.2, however 
at a Mach number of 1.2, the elevator effectiveness appears to 
be about the sane an the low 8pced value. 

(rl. the static stability at low lift coefficients increases ao Maoh 
number increase from 0.6 to 0.9 to twice the low speed value, 
and at a Mach number of 1.2, appears to be three times 

the low speed value. Previous data hos shown that the airplane 
becomes longitudinally unstable considerably below maximum lift 
coefficient, and that the lift coefficient for instability 
decreases as Mach number increases to 1.0. This boundary appears 
to follow the buffet boundary somewhat Btid is about 0.1 to 0.2 
lift coefficient above the buffet boundary. At a fbch number 
of 1.25 a point of instability was reached at a lift coefficient 
of about 0.?6. 

U ) . The buffet boundary for altitule of 40,000 feet decreases from a 
lift coefficient of 0.6 at a Mich number of 0,70 to about 0.44 
at a li&ch number of 0.B5, than rapidly drops to a lift coefficient 
of shout 0.15 at a Mach number of 0.93. Tbs boundary rises 
Tepidly to a value of 0.60 lift coefficient nt a Mach number of 
1.0. The buffet boundary appears to he constant at a lift coef- 
ficient of 0.60 in the superoorio range to 1.2, Unit of teats 
at these lift coefficionta. Thcjhovcrlty of buffeting fdllows a 
similar pattern, being more intense at M>'ch numbers near 0.9 for 
a given lift coefficient. Tbs buffeting tail loads at ’-boh 
numbers near 0.9 increase nlightly to a lift coefficient of 0.4, 
and increased rapidly thereafter reaching buffeting incremental 
■ loads of 1500 pounds at a lift coefficient of 0.8 and 40,000 feet. 

(h) . The drag coefficients for the D-55MI airplane are somewhat less 

than for the X-l airplane at compel radio lift coefficients 
throughout the Mach number range except at high lift coefficients 
in the vicinity of the drag rise. The values of drag coefficient 
lack the ’’hump" that is characteristic of straight wing airplanes 
at Mach numbera near 1.0. 

(i) . Temperature measurements vero made on the canopy glass, wing skin, 

and fuselage skin. The values of stagnation temperature and nose 
skin temperature agree fairly well with calculated values using 
method of T.fl. 1725. The theoretical nose skin temperature was 
computed assuming a perfect cone. The maximum values of stagnation 
and nose akin temperature measured were 200 and 80 degrees, F, 
respectively at a Mach number of about 1.8 at 67,000 feet altitude. 
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5. The pilot is going to Wright Field next week for fitting of a pressure 
suit so that flights above 45*000 feet nxiy be made. 


H0A*rnem 





Herman 0. Ankonbruek 
Aeronautical Engineer 


CC* NA.CA Headquarters (2) 
Ames 
Lewis 
ChBuAcr*. 

Navy Liaison* Muroc 
Projects Engineer 
Files 
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Edwards, California 
November 21 » 1951 


MEMORANDUM for Chief of Research 

Svbjoct* Progress report for the D-55fl“II (144) research airplane 
for the period November 3 to November 16* 1951* 


1„ A flight wao made on Tuesday* November 13. Tho maximum 
Mach number was 1.11 at 4^tC00 feet altitude. The flight was 
made primarily to obtain longitudinal stability and maneuvering 
loads data and aileron effectiveness in the Mech number range 
between 1,1 and 0.7. 

2. Another flight* tho 4th by NACA, was made on Friday* 
November 16* 1951. The maximum Mich number was about 1.65 at an 
altitude of about 60,000 feet. The flight was made primarily to 
obtain longitudinal stability* maneuvering loads, and dynamic 
lateral stability data at high Mach numbers. 

3. The data obtained in these flights are being reduced and 
analysed and preparations are being made for a 5th flight as soon 
as possible. 



/&*>**«* .-v o , 

H0A* mem 

Herman 0. Ankenbruck 

DEB . 

Aeronautical Engineer 

wcw 


cc* NACA Headquarters (2) 


Ames 

Lewis 

ChBuAero 

Navy Liaison, Edwards 
Projects Engineer 
Files 
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Document 9, Memo, Herman O. Ankenbruck, Aeronautical Engineer, To: Chief of 
Research, Subject: Progress report for the D-558-II (144) research airplane for the 
period November 3 to November 16, 1951, Date: November 21, 1951 
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rdvardn , Cal i fo rn:ln 
Do combo r lfl, 1951 


MEMORANDUM for Chief of Research 

Subject* Progress reoort for the P~55?~IT ( 144) research airplane for the 
period December 1 to December 14, 1951/ 


1. A preliminary flight test propram is being carried out with the 
IK558-IT (144) airplane to determine the limits of flight before beginning 
the formal program. 

Status of Prsrrrnm 


2. Data has been obtained thnt indicates that the dynamic lateral stability 
io very poor in the transonic and supersonic speed rnngo, and at speeds above a 
Mach number of 1.4, that the static directional stability deteriorates rapidly 
as Mach number increases. 


t 


3. At present, ways are being deviaed for more satisfactory lateral 
characteristics. Tho moat promising of these appears to be the installation' 
of a rate a'ltonilot to add damping in yaw. Methods of applying an automatic 1 
pilot (already constructed) to this task are being considered, and means of 
increasing the static stability are being sought. To aid in the analysis of 
tho lateral stability, values of the V.cr»nt3-of- inertia about the Z and X 
axes will be measured. 


Status of Airplane 


4. Bo flights were made sinoe November 16 due to a wet lake bed. 

5. Work on a now rudder locking device is progressing. 

✓ V * . ,.. . d> . 



HQMroem 

Ij/ctv 

Sew 


Herman 0. Ankenbruck 
Aeronautical Engineer 


J 


cc« NACA Headquarters (2) 
Arnes 
Lewis 
ChBuAero 

Navy Liaison, Edwards 
Projects Engineer 
Files 



Document 10, Memo, Herman O. Ankenbruck, Aeronautical Engineer, To: Chief of 
Research, Subject: Progress report for the D-558-II (144) research airplane for the 
period December 1 to December 14, 1951, Date: December 18, 1951 
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Edwards, California 
July 23, 1952 


MEMORANDUM for Chief of Research 

Subject: Progress report for the D-558-II (144) research 

airplane for the period June 28 to July 11, 195?- 


1. A successful flight (number 8) was made on 

July 10, 1952 to an altitude of ?5,000 feet and a maximum 
Mach number of 1.68. The flight was made primarily to obtain 
information on longitudinal stability and tall loads. 

2. Flight number 9 is planned for the week of July 13. 
The purpose of the flight will be essentially the same as 
flight number 8. 

3. The proposed research memorandum "Some Measurements 
of Aerodynamic Heating Obtained During Demonstration Flights 
of the Douglas D-5?8-II Airplane", by Ira P. Jones, is being 
modified according to comments. The proposed research memo- 
randum "Some Measurements of the Buffet Region of a Swept -'Wing 
Research Airplane During Flights to Supersonic Mach Numbers", 
by T. F. Baker, is being modified according to comments. 

The proposed report on Handling Qualities at Supersonic Speeds 
is being reviewed in the section. 

H0A:mem Herman 0. Ankonbruck 

•' Aeronautical Engineer 



cc: 


NACA Headquarters (2) 
Lewis 


Ames 

ChBuAero 

Projects Engineer 
Files 



Document 11, Memo, Herman O. Ankenbruck, Aeronautical Engineer, To: Chief of 
Research, Subject: Progress report for the D-558-II (144) research airplane for the 
period June 28 to July 11, 1952, Date: July 23, 1952 
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Document 12, Memo, Herman O. Ankenbruck, Aeronautical Engineer, To: Chief of 
Research, Subject: Progress for the D-558-II research airplane (144) for the period 
November 1 to December 1, 1952, Date: December 11, 1952 
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Reports in review: 

" Determination of Longitudinal Stability In 
Supersonic Accelerated Maneuvers For the Douglas D-'J'iS-II Re- 
search Airplane' 1 , by H. 0. Ankentruck. 

4. Data on buffeting, wing and tail loads, static dir- 
ectional stability, etc., are being reduced and analyzed. 

?. It is anticipated that the next flights will be pri- 
marily to explore the directional stability and control and 
vertical tail loads in supersonic flight. The program of 
longitudinal maneuvers will be continued in order to obtain a 
complete breakdown of the stability and control characteristics 
along with lift, drag, buffeting, wing and horizontal tall load 
data. This program will Include measurements of wing chordwlse 
pressures at one span’-irise station at supersonic speeds. 





jJL- 


HOAsrah 



cc: HACA Headquarters (2) 

Lewis 
Ames 
ChBuAero 

Wavy Liaison, Edwards 

Projects Engineer 
Files 


Herman 0. Ankentruck 
Aeronautical Engineer 


CONHttt n' ;a ; 
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Edwards, California 
October 6, 19$li 


UBCRAHDOU for Research Airplane Pro Jo eta Leader 

. ; * 

Subject! Progress report for tbs D-556-H (ILL) research airplane for 
the period September 1 to September 10, 19Si. 


1, During this period two flights ware made . One flight canceled be- 

cause of a grounding order by Reaction Motors until the thrust bearing in the 
turbine pump could be inspected to insure that a double thrust bearing was 
installed*' v : 

Flight till was made September 17 to obtain pressure distributions 
end structural loads raessursnents at low supersonic and subsonic speeds* 

Flight No. 1»5 was mads September 22 to obtain power on dynamic stability 
data.at subsonic speeds* This flight was made at 30,000 feat because of a 
leaking cabin pressure-seal that prevented going to the higher altitudes. 

2. Reports in progress! V ‘ 1 

(a) The report entitled, "Determination of longitudinal Handling . 
Qualities of the D-558-n Research Airplane at Transonic and Supersonic Speeds", 
by H, O. Ankmbruck hoe been pibliahed as RH H&029A. 

(b) The report entitled, "Lateral Motions Encountered with the 

D-S 58-11 All-Rocket Airplane During Exploratory Flights to a Mach Htnber of / 
2.0", by H. 0. Anksnbruck and 0, H. Rolcwion is at Langley awaiting publication. 

(o) A prospective report entitled, "Ring Loads Measurements at Super- 
eonio Speeds of the Douglas D- 556-11 Research Airplane", by 0. H. Robinson, 

0. S, Cothran, and 0, P<nbo is being reviood according to Editorial Connlttoo 
consents for Interlaboratory review. . 

(d) A general airspeed report to Include maximum Uaoh number and 
altitude data obtained on the D-558-II airplane is being preparod for Station 
Editorial Coroltte*, 

(s) * prospective report entitled, "Flight Determined Froeeuro Distri- 
Section of the Wing of the D-558-II Resoareh Airplane at Mach , 


butions over a Section of the Wing of the D-558-II Reooaroh Airplane at uaoh , 
Numbers up to 2.0", by 0. H. Jordan and E. R. Keener la being rovisod according 
to Editorial Committee comments for lnterlabofatory review. 1 S 


Oareth ft. Jordan 
Aeronautical Research Scientist 


cot VifXCA Headquarters (1) 
Lewis - Ames 
Navy Liaison, Edwards 
ChBuAero 

Projects, Engineer 

Files 


CONFIDENTIii. 


DECLASSIFIED 


Document 13, Memo, Gareth H. Jordan, Aeronautical Research Scientist, To: 
[NACA] Research Airplane Projects Leader, Subject: Progress report for the D-558- 
II (144) research airplane for the period September 1 to September 30, 1954, Date: 
October 6, 1954 
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Edwards, California 
October 3, 1956 


MEMORANDUM for Chief, High-Speed Flight Station 

Sublect: Progress report for the p-558-11 (144) research air- 

plane for the period SepttiklbfaP 1, 1 To September 30, 1956. 


1. During this report period one flight was made with 
the airplane. Flight number 69 was aiade September 25, 1956, to 
obtain vertical tail loads and stability and control data at 
11=1.1. The data obtained during this flight are felt to be suf- 
ficient to complete the vertical tail loads program. 

2. Following this flight a routine turbine pump in- 
spection is being accomplished prior to returning to flight 
status . 


DECLASSIFIED 

fopA 0213 sfejsb ' 


Gareth H. Jordan 
Aeronautical Research Scientist 


GHJ: Jr 


DEB 

cc: NACA Headquarters (4) 

Lewis - Ames 
W. J. Underwood 
Navy' Liaison, Edwards 
ChBuAero 

Projects, Engineer 
Files 



Document 14, Memo, Gareth H. Jordan, Aeronautical Research Scientist, To: Chief, 
High-Speed Flight Station, Subject: Progress report for the D-558-II (144) research 
airplane for the period September 1 to September 30, 1956, Date: October 3, 1956 
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Edwards, California 
December 1)., 1956 


MEMORANDUM for Chief, High-Speed Flight Station 

Subject: Progress report for the D-558-H ( 144) research 

airplane for the period November 1, to November 30, 
1956. 

1. During this reporting period two research flights 
were made with the airplane. Flight numbers 72 and 73 
were made November 1, and November 7, Lo obtain static and 
dynamic stability data at a Mach number of 1.50 at 60,000 
feet altitude. These data are being reduced and analyzed. 

2. Instrumentation has been Installed to measure 
the overall noise level In the aft portion of the fuselage 
at supersonic speeds. This Instrumentation will be given 
an operational check-out on the next flight and It Is 
anticipated that one flight will be required to obtain 
the presently planned noise data. 

3. Additional flights on the airplane were delayed 
because of the instrumentation Installation and due to 

a shortage of liquid oxygen. Liquid oxygen is available 
again and it is anticipated that research flights will 
resume the first week In December. 


Gareth H. uordan 
Aeronautical Research Engineer 


GHJ: Jr 


Headquarters ( Ip) 
Lewis - Ames 
W. J. Underwood 
Navy Liaison, Edwards, 
ChBuAero 

Projects, Engineer 
Files 





, 


Document 15, Memo, Gareth H. Jordan, Aeronautical Research Engineer, To: Chief, 
High-Speed Flight Station, Subject: Progress report for the D-558-II (144) research 
airplane for the period November 1 to November 30, 1956, Date: December 4, 1956 
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RCPHODUCEO AT THE NATlOfW. jWCHVES 



Edwards, California 
January 8, 1957 


A- 7 

y^±£. 


MEMORANDUM for Chief, High-Speed night Station 

Subject: Progress report for the n-55a.TT research 

airplane for the period December 1 to December 31. 
1956 


1. During this report period two research flights were 
made with the airplane. Plights numbers 74 and 75 were made 
December 14 and December 20 to obtain dynamic stability data 
at M = 1.4 at 60,000 and 45,000 feet and to obtain overall 
sound pressure levels at subsonic and supersonic speeds at 
45,000 feet. These data are being reduced and analyzed. 

2. Research flights on this airplane are completed and 
research instrumentation is being removed from the airplane. 

A 30-minute inspection of the roclcet engine Is currently 
being made and the airplane will be returned to flight status 
to be used for approximately seven pilot-familiarization 


Gareth H. Jordan 
Aeronautical Research Engineer 

GHJ : pm 

hS^ 

1 

WCW 


cc: NACA Headquarters (4) 

Lewis - Ames 
W. J. Underwood 
Navy Liaison, Edwards 
ChBuAero 

Projects, Engineer 
Piles 



Document 16, Memo, Gareth H. Jordan, Aeronautical Research Engineer, To: Chief, 
High-Speed Flight Station, Subject: Progress report for the D-558-II (144) research 
airplane for the period December 1 to December 31, 1956, Date: January 8, 1957. 
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Muroc* California 
September 13* 1951. 


MEMORANDUM for Chief of Research 

Subject: Progress report for the D-*558"II (37975) research airplane for 

the period August 25 to September 7* 1951. 

1. The rough draft of a report cm wing and section loads obtained by 
pressure distributions during the Douglas rocket~jot flights on the airplane 
up to a M*ch number of 1.04 is being revised by the author after review in 
section. 

2. Analysis of dynamic longitudinal stability data obtained during 
flight 4 is continuing. Data, obtained during flights 7* 8, and 10 are 
being vorked-up and analyzed. 

3. September 4 and 5 the weight and balance and the pitching moment 
of inertia (l y ) were determined. Also on September 5 a strain gage check 
calibration was made on the horizontal tail. 

4. No flights were made during this two. week period. A flight scheduled 
for September 7 has been delayed due to a fuel leak on the P2&-1S. 

/ 



James R* Peele 

Aeronautical Research Scientist 



NACA Headquarters (2) 

Ames 

Lewis 

ChBuAero 

Navy Liaison* Muroc 
Projects Engineer 
Files 



Document 17, Memo, James R. Peele, Aeronautical Research Scientist, To: Chief of 
Research, Subject: Progress report for the D-558-II (37975) research airplane for the 
period August 25 to September 7, 1951, Date: September 13, 1951 
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!• On September 18» the D— 558-11 was air-launched at about 33*000 feet. 

Duo to a malfunction of the rocket system, the pilot wan unable to fire the rockota 
and had to jettison the rocket fuel. The flight van continued on jet powar at 
an altitude of 20*000 to 25*000 feet*. An accelerated pitching maneuver (simulating 
a possible rapid pitch to high angle of attack during carrier launching) was 
attempted at an altitude of around 20*000 feet and a Mach number of about 0*38* 

The airplane with gear down, flaps half down and slats closed (inadvertently- 
left locked) pitched to a high angle of attack and fell off into a epin. The 
pilot reported that the reoovery from the spin was normal after the gear was raised* 
Instrumentation functioned properly and the data obtained are being prepared for 
woric-up, 

2. The rough draft of a report on wing anti section loads obtained by pressure 
distributions during the Douglas rocket-jet flightB or the airplane up to a Mach 
number of 1.04 is being revised by the author after review in Bection. 

3. Wing-1 oad-die tribution* buffs to- tail-load and wing-fuselage pitching- 

moment data and control informntion to a normal— force coefficient greater then 
1.0 and a tech number around 0.90 are being evaluated. The C N greater than 
1.0 was reached in a pitch-up after reaohing longitudinal instability at a C N 
of approximately 0.6. Previous data indicate that the longitudinal instability 
boundary varies from a Cjj, of approximately 1*0 at M = 0.50 to a Cm of 
about 0.6 at M = 0.90. A 


JItPi mom 



J 


cc* NACA Headquarters (2) 
Ames 
Levis 
ChBuAero 

Navy Liaison* Muroc 
Projeoto Engineer 
Files 



James R. fteele 

Aeronautical Research Scientist 


O B Q ft BT 


Document 18, Memo, James R. Peele, Aeronautical Research Scientist, To: Chief of 
Research, Subject: Progress report for the D-558-II (37975) research airplane for the 
period September 8 to September 22, 1951, Date: September 28, 1951 
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Document 19, Memo, Jack Fischel, Aeronautical Stability and Control Scientist, To: 
Chief of Research, Subject: Progress report for the D-558-II (145) research airplane 
for the period October 6 to October 19, 1951, Date: November 6, 1951 
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Document 20, Memo, Jack Fischel, Aeronautical Stability and Control Scientist, To: 
Chief of Research, Subject: Progress report for the D-558-II (145) research airplane 
for the period October 20 to November 2, 1951, Date: November 8, 1951 
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Document 26, Memo, Jack Fischel, Aeronautical Stability and Control Scientist, To: 
Research Airplane Projects Leader, Subject: Progress report for the D-558-II (145) 
research airplane for the period November 1 to December 30, 1954, Date: December 
20, 1954 
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Document 27, Memo, Jack Fischel, Aeronautical Stability and Control Scientist, To: 
Research Airplane Projects Leader, Subject: Progress report for the D-558-II (145) 
research airplane for the period September 1 to September 30, 1954, Date: October 
6, 1954 
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Document 28, Memo, Jack Fischel, Aeronautical Stability and Control Scientist, To: 
Research Airplane Projects Leader, Subject: Progress report for the D-558-II (145) 
research airplane for the period March 1 to 31, 1955, Date: April 18, 1955 
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Document 29, Memo, Jack Fischel, Aeronautical Stability and Control Scientist, To: 
Research Airplane Projects Leader, Subject: Progress report for the D-558-II (145) 
research airplane for the period July 1 to July 31, 1955, Date: August 11, 1955 
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Document 30, Memo, Jack Fischel, Aeronautical Stability and Control Scientist, To: 
Chief, [NACA] High-Speed Flight Station, Subject: Progress report for the D-558-II 
(145) research airplane for the period June 1 to 30, 1956, Date: July 24, 1956 
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Document 31, Letter, Ira H. Abbott, [NACA] Assistant Director for Research, To 
Major General Frederick R. Dent, Jr., USAF, Commanding General, Wright Air 
Development Center, August 13, 1951 
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Document 32, Letter, J.W. Crowley, [NACA] Associate Director for Research, To: 
Chief, Bureau of Aeronautics, Department of the Navy, Washington, D.C., Subject: 
Request for assignment of Navy omni[-] environment full-pressure pilot suit to 
NACA pilot of the D-558-II airplane, October 23, 1951 
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Document 33, Letter, J.E. Sullivan, Director of Airborne Equipment Division, 
[Navy] Bureau of Aeronautics, To: National Advisory Committee for Aeronautics, 
Subject: Navy Omni-environment Full-pressure Suit, assignment of to the NACA 
pilot of the D-558-II airplane, November, 1951 
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Document 34, Letter, F.A. Santner, Director, Naval Air Experimental Station, To: 
Chief, [Navy] Bureau of Aeronautics (AE-513), Subject: TED No. NAM AE 5101 
Omni-environment full-pressure suit, research, development and test of; Flight test 
in the D-558-II airplane at Edwards Air Force Base, Edwards, Calif., 3 August to 4 
September, 1953, Date: December 8, 1953 
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Document 35, Letter, Walter C. Williams, Chief, [NACA] High-Speed Flight 
Research Station, To: NACA, Subject: Choice of color for Research Aircraft at 
Edwards, December 3, 1951 
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un 4 p-Urt “"J - * lin;r**(iHe ny frew* ■ l .ij-i:uC£. 


Document 36, Memorandum for Gordon S. Williams, News Bureau Manager, 
Boeing Airplane Company, April 25, 1952 [Subject: air-launch technique] 





Ae orMmJlr kJ,V tbd £*15 Alfe/EJt Ctw;ur^kra. » mrtlwr- 

ihJp i-liui m idoptnrt. JiLnr a EJniiliic D-JO whh bomb rrodllled (□ «- 
C«ninedi.1# :ln X*L. TI t 1^i In >n ■Hnmbi t,r 3-a,i,iXJ fral firlifclinr. It* X-J 
m ralenatd tnri thim wu rnahfcd !■:■ m±b talgbir npe&di, bI ch* ojtilurtin 

dfliJjed, [tULEl TdULd hivn ttaio. jirLl .1 IL-Ll cai-^sith prB llG 

■’ d ht Tin' l iiEi&L -a^inEce mPh ilw X"-[ farther -at Ip prvr*m r II Tin 
dncltiod thai u BDdiEjj D ■ hhaitd lie ilmUiii? cindLnnd. Usi Id parniiL ■lf 
Enh *VTd MfjbdJ' ■JLH-drll CtiM» * LLIi Hf I -Of], 
ij'Wi, "«« ii5»ii iW *r inn nir^Linrribrg fUeme, Im either rite 
Eicelsa D-L'il -if sf’TP, been irsdn Id tin X»1. Hiijc-J - ClurlMa r . Ytkfnr 
M< miiMi cure nuuh. ULifiln than a IJw dUmr yUetd, '^hi linv* Included 
fflher Mr Fore* ijTTJE.Hi, am, renin flcU blmtari, i, n H Ibn HACA. 

W-rp rnmidlir, a UjntnE PJfl-lE, aw cl LiJTTeV E^iU-Inn iLfpLiniij 
■ conned by Uh Nnvy. t^u modified 5 j acccniiDdilida chi Jj-EB-El-O 

!=ty»etal, TUd BSyrwtJt DtiJit., ar*amhdrd OuHlw IBH, irikJb nKilwd 
the IllBDm! dpq*4i brar riiched By nidi., jimJ Lbe bl^ionl ultHxAeo, vdji 

sit ji l iiT hwfi, 

la tur ert Lh» X-l r llu ILI^Ik pCdpam T^u in wLIh, 4 Midi , 13 i 
iLiddp I' I d^nhinitklH* c*rf-iriiLi[H;r (unrniil«i , JJutIib- IIiih fJIcrtn. bell 
tu Tcnpcaillile fiw « □i"irLj apcrntCad cf fcba 3-39 UKitcj nJrpluj, Urn 
K-L r a 3 d l.ii KdicUnn hfeturn rocket iinjiirtci Is the X-l. Upmi r,-.ni ploUn* 
cl die diironni ration fJI|U la mb, I In: B- 5 U tu Tt-uHlf-iied lo Uu Air Fnrm* 
hjL £1 ItHlC-UnUCp ulj.1 xJI 4 i'|wi iliiii ilujlnfl LlUCijdEn, «].i,Lhnr Lhp X-l 
rLr 111 tn hf Air Furf* (If rjv cilWd. 

-I- 
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7h* JW mnj( In UimJ *■ ^ ur elm Lhm-Vfc} d*jHwr- 

■hlp -pC Ihijnjrit-jf, lit* mfllliry kPfrleap I tl" P*AC i' L*l bhu hlijh-rF-viA 

riKKrdi ilrplbn* pmqTllti. Thr Mrplara **:•. dbMp™fl wi ^onal ritrkJ 
iiV r-H] Alrtran C^rpirnllPD, irilti tun annlrj.m: a of QTcJInlner; dniiipn 

Hqru mip Ihn HArA- Thk y^skat *>* nomititod h T ‘-K* 4k Fam 1*1*1, 

ai ttw procurlF-p mac nry. i>3 prlfusrj iomlT*pnF v*!*] rf-cmtiJ to tor* 
IjumuI pnptH ktuI HiLbiirlnni. 

Thu /-J, "j- I llAI ■Pl.h ■ tal u if bj ! Ill- NjtC j, , l>jth foot LkL iWTx dila 
lUtrfiEi inf tin hfant dn*ip*<ih#nntTB rwilhb fl vMfrt 14a - 

Auction nr flail r tty iced Irani niaFita bki Imnn iKurdnuod bj tha KAL i’i. j_‘tl 
raniUn HtndF pviiLlj|ljk Jij Llin LndinlLrv »nH 4L-p jliLUiiJ'i m-u i'ttPH ih.nH(K 
ATACA 

v.bin fJrwn by Air tiirtt photFi, Lbi K-l via naiie tn an fenwIorbLld 
piopruu ti> dcternilM tva muiliziuzi bLted and mailmani liltiiiio ici [he 
ak].i*h., Till * r LMj tJ .ui- B-| im van cripMU’ imJMj hu nm 
Slrnd nwl -m* ti <1 thn CtaLlhaonlan lutrltf a v-tf fn 41 ordyiplrn a : or L 1 Jar- 
■ ■f 1 1 j ij b j : : u i : i^ L: an i^n Dr ill aLpsI-mm avef w Lm :Un& <•!_«. j mil! cell- Tha 

■aiymrE 14-| t>n b*»ri ajnniyd *r MAC* iWsi* m.i fladaiiRti mcpic «r 

JUrht jrinjrh al tranavalG and rawribdK ifidnln-. ‘I III m plr p' A ipt Ji MILL 
In Mirin' and CDolLnuei to ray Un ray, producls? valuahl* nor urch Lnfor- 
irnjJnn. 
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'th* lfj.i uUJWtfiicnfl In cf^mica ■:! lb* flight ()[ tto 

D-SOd-Q tuvfl Iwm UiK .Mill Brt4prfHM, Gontf!** lerl pilil, knricul 
biavj pH"<. ri,IW UK aJj^Luf- to IT.HAtni fill uil llLUw!|i, jJUl *L«0 

U.jL “Ltill (tt ilrphs.? Whd SnHL^ffld Id fUUT.A, tin liiWlior drpUU h>-, 
hnn Imcn opsrHtci bjr ftAC A ppriijolwl. . , .. -t 

tu jirv|Krl:Ai Sfir ■ ■niuuc.h Clvbl,, Hi? dLaduI'ii J» duM 'flr * aLlU' -if 
:i. .JJ-CL BCfe-lB** •■'■ Uil MAC A Sl:|{!. Sfa r-1 SOL:,: - Hes-yrch- BJtlarl It. 
rjtau-di. Kink ninpn (Uuhf Id i t>V5 OE Vf ±P&fil3 j pictriain lood wrl«, 

Ct- IfWlI ill |IL KLilv H^-ClfU ±BTDd]FCUUtc JlLP, .IaHIU [111 fUJli ..L-ILIll^J 

hi UQif r»»ji (U'rh'-spTi'hlLiijia aud Laiirudfjil^iu^ prr— »r» jc» 

PLi,iiLfjM >ci:i £ir J,Lshl- i h' Jn-iUvij ilrpLinu Lm u!<iv;|? j cd Jachn, niri >Lw 
Icae nirglanr 1 b roliciJ unih'r wd Wdptm! Lmo Um tomb -jit. 

Thu iimL.iiuiuiZj u; ijndC': wilk TUp-, iirf-EU[ji£ cbaefcs jjiJ call- . 
ori'lorit I* 1 iBiliuniBJTlEIuii art ntibik. Titi ItbI AlJpjttfuc airi* E5 Irwdnd 
PlthilW apnlal fral* and i^iei ,rB44ijrfd± liquid (wyf^-mjpiuit, JUrdr^a 

[[ImI* i fcUtrtj||xn p ttil fafcJlUEi- ?1 . «ip- ; l»n ■ ,■. ■, 

"ife* a ShrL-n^ I# li»Ld rt nUcb 1k± fUjjfcl r lic Lb .dluraii-iiil AttWrt- 
tng are lUp cnHiimi prngrtE l*'*l"-\ lb* cjjt pr tha eoIUet nlnJanr, Eft# 
Viylu: u(->UAE bUtl rf Lrf J-fJEBrcb PtruLhhh,, aad E-SJBr ofdw, CodfldiMB 
HJV (P4*Jii f -.n.nTiJ-^ rh.j £jq^ ilLLL'j;." m3 JdciIIlx., l=w *xKjt bi^dU- ’■ l-.'i 
Chi i vui I i|W- Tim OEDuavtru l£> to uicm b.v ■:■■■ tufcirmMit* m IW 
nr- j-lp J_r+ iLiim 1 ‘nVLdv'a A. MTJblly . iK mrllMai HC'r mil* Hi UK Ulul) 

TLIxIrl cpera(1a« hte K’^rdlDirt, V** itayiitt.-j la by Hid Air ram < ;'^r> 
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□ iS-FFH LlLikICiB iL Ilk CD iilHICJVC UlE I -.-pi ind i::k.|1.iixilua L 

: . . ■ ■ : -■ ' . ■ . . . " i " 

•riacsaiiT qt utter imujiKri (MldlUtM iuil rfl±lKs Ifl Ite [diet ut tlif l»jrt rJr. 

CUfl*- 

*,,■< ..• iilsautfs; ,, v . "WHf-.k, 

1 tr r | y mote lu . ih icu jr^Eltilg olLcr I jtI lna, r fcu av-Jil **- 

■ I J ■ . ,|J 1 Vrii , ; .LV . ■ ■ 

c<j|*nt boLltm; iff <-J It* liquid u*te"p. Tin l^o^L nUi.t rldi.il La thn miliar 
' ■ ■■'.'■■ 'll' 5^ !v 

□br;ildi:u duJl&i Enknolf huH Initial cUank UimLitf, t* loft tbc laal air- 

■ ■ ■■ ■. ■ : i-!- - - - ’ ■ 

ptiiK ur uii ■ ii i J, L'llD rr-ui, tn mala ^reparaUaiia hr Ite rtrtjJ. C'-n'l-.j,jjh 

r . . . i ■ .■.!■■ ■.•■ ■ :. ■ i r-Vii 

nuflc cikt^UI in au«d toSMft-nn i=* partem iiiiu InTPivod Hi a CLlijbt — Lhr 

. ■ 1 ■ !■• #• r 

miflnir Lhn IhL hItpiudc, tbh inearl i||?l*.-u, I ha radar [nailcba^ 

- j , 1 n . - : j ■■ i ■ 

nfpi t ih_ j in I erjv- cJOuiu*. cceu in uia.’iier. vixcv .iiiwaiirl uv i-tui £i;iuil in 

, , , ■!.«; If; '<>. I 

nrjin Ibn pLUtfl, U a 1$ toiiiRdd: I*« PiSflut* iltnraliaai luUt ILUP; cflm bn 

: . . ,l|| I _ - j'ii’ji.’ j. 

eaatab !■[ ridiicLULT vcilhrr u-iiiL'b I 1 it, aUfjiL. f..' r;T.rti"i.i;.(, nLr 

|,i ; '• " 1 ’ n?Pi'-"li t. 

71m lajnrh, Lil 2 LUDU? niA atno=! SS.Mfl l««(, tte auwt a^lidito d^papd- 
. -p i "1 '.'f r . 

Srijf on Ehfl r;n;r |PL< li: Uni. .h. Tbn pdL.il ELrna bio rorlict r-.njibDB he mm ha 

U' 

r piiLba aliLx aA&r dip Ldueeui, mil e^tv LiiI-j t.lp ^j> .IiiS.i i. lai.-; ill,. 1.1 I lu. . 

■ . i..- ■ L ■' (f 1 

Afi i r Ite J - 1 hiui teoa drbDiictDd , It* r'innn I.h-l.: iht.f a yll . bjl inn 

■ i 3=i - - > ■ ir * . i' l; nl Lhn 

ri;irlnE ilp ifJliV ' i- ■ i ■ 1 1 ; ~j or Qii Ci^al, ii dnti v.r? oWnU+d, tivliK tte 

"I. 

IhH-t pari, r-i Lte rLI-'- e|*» Air F'^ck muKirt gULt ilayB i;L: so to- Lbi Ladl 
dLrplbar Lo mi I — .*■ h I m nn.tf-i.ir vtuipL rimgt un Tflbdlq( p^ar, f.ai:a, ole.. 

4 I 

aia. L BdDb '(i famtte un abided BimaiIt* rf q-jJiliiinii of lte llntlHl 

v 1 n ■ : ■ L I ■ bvi^LkbL- aci tbd Lspi u.ul . TUi It ykxtlrfi/taEly iaipsxtaM. 


122 



± T 7 



.j.iTlny hhw LUVllng iliLi ■ ffi- hiRl glint llivi :|irJtL'j|.l y iJi ilaLpJ illlnldi* 
fi Su pufli tiilfjbt ibora Ihs Kraiod. 

Atl?r i:i* riifllK, 11* pra-fllpJrt ^KUtSOJ* In «t™uailj rr™r**i. 

Tii tirginw ‘ c ihrt i nMrjn ,p rf Film Ip 1-flraJivnd md d*i*tejnd d 

Phil n |.me-[I Loan septMicj cr Urn jclljj-^!; gc lisdlst -roil Uib ur pllal (■ hsiil 
In cIiCuph ms r*nnMT! Litf nt^tit mil lo genista. 

Tile j-ernTi-p arp unit turned our in Liip iIh-Ip Jp-.ImliI-.jd jjrojp.pfo'-rf- At 
raSLud? bte vorhEd up Lb A toftii huILlULe- for unBjTifo- Tlm*ii data, ai* 
i.hi'-r, iiM-ii liy thp fppt.arclj ,rcv‘- Sot pUrutlut Lii ur 5IL*ni imv! i<!Cnq4- 
iBllnftbD Inin aa Uilc^rnlEU nKItnr, TJam t Denes ui rjlfimi 

«*eb dr i>.Li, □ ccmpW# PlOi'L 1 ViH- mm pluaii □[ tlw pjr&frftm Ic ajuit'DIfu. 
ftw xanjlLi me- Ukd pr«F>r#d Ui Uh innr 6\ SACft imiprim™ maw 3 «t hu b 
nmJ U» 4^ !* dun dfH.itia for hip irr awaiui vId bu m»d ur Istor- 

DLElfoEL 

ill aJillUou LD Its it- i srjJ Lvt! D-tLS-Ti ajjrjla.ni p, 1 Ini S' AC A. Uifit- 
B jee.,1 FiL[bL nffiujurbuislia: blcf- ul-h-'iump ■>-- chic’i r«f LKb 
M, X -S, ¥F^HA. imi D-aaS-l. 


A pill JHiS 
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CUNFtaEXXUI WD5 0' -to 

SECt'nm 


HvjjHDi ■."PlUnnilA 
AnlL: 7H i 135? 


tn UTt 

[dMPpinri UiPJ»- *T UlE tfB-HH-i mill 


null ;ir 1. •! !il fujj !i> im 111!*,.: 


.<!■ m ■■■■□ -■■! In Lira- m.T*d*:v-p 1*+T-I Fj Tiunni faT Ifep 


Ti3 " 
/•■■-I 
, l-„H 

''-"'-■’■■I 
2—I- 1 — r*i 

Rlfrh-fe 

Jij’-.'Spr 


HpptripiJ.: L lj tpT njBrallni U* LU O lU l ft Swikft'L qi^.tla Ht MlTH* n 

*Tk flrDCilirf. ATH 1TA.1 3i!imu r«- '-hi lJ =JrS*^ lt™i c 

Ulrfl 

■dh 

|p>. ll 1i m'..rl .»'.!•! iljil LI. ■ il.Ha »(’ :hn AlEvfLn'. -. - 

it*'. dUl b* ^ Ua IM3IHI] nlrpfrm Tilt bn ‘-'il ni *111 m+ 

r .mMr t-Uil Lh. nmn] sbtiLalila il tbd UCUaiYt sotr! Mirirl 4’. lpil-r 
Lilvw niMfr tn P r J. Cilmlntl'm* , ifl n .rLmpnLiL Lici r 1, ; ' 

vied lull (Lru Oali. LirJ L'nL. UHH vlUt bC" At= R.P 

tkn U-V.rt-Ll III:, xt; | nlmluni lUj Ki LlciLwl to ■ rv.sJvi* Kaii!: , ? 

r *?" Plvnit 1 .Cfi P in lir.rp iri ur inrun t in Lhn LI-ru.iL Lf ' . 

'id mi': : r-d miL Lhp livil mnnl nr a m!iv Jtafl j- 71 '-' V O 

ir.ir.v *f nirtut 1.E5. Thi pd-y^pywrLH of Eb* P-SSd-J t (No. UJ1 ■' ■" ~ 

■ IPnLem i f'jrr : Li ctnim.-i tun H> air Li_i:?l:lii. and all Idffci-L 11 'r — ni 

■ jLTir. r. Ihn EltKdiwi ELgLm rye : "mi LLLrax -J aLurai ■ ■< mp3 ■ ££. r."j '~’~ . 

rSUn, iet MlthO'i* lMXWPId yiTvst. r Trip MlnrraiSnni eL ilrn hJnltaE ' '“ 

ILV'li n.nlnn ui'Ji ilrm a iTi nTrtf liLunhl-a IndLAxiu r n jai Istfl ' 

on itor*- u lj bnUaluo a j - L'-:i • ™ii*„ 


! hj _ n» ill iLultna uf m t jvei-jtv lull (Ilf Mi" fLJ'-l In 

■* Inr.r^nikl i ha -v^amiLsrf] alt l 1 . ■■■. ■*- Ui* JHjfB-11 

Ifc. LWI In i In pjLh 1 : '-titr* LnrjMWP 'n -fehri-t idl •flirrU i : T 
I re n nip '.'ll mi I amlii 1 ■ l uTniM .. Bull Id tie lIU>luAi£ HI LLp 
iL-lighhl PI. i.m Ahuulr^ U.i Mni.r. r - 1 . r luntvainl HiiIeIp l 1 . 

Tij i '!Oi rirt-t bl*-'.rwH> JlHl 33 HJiFll PHI y: :-nmHnL In 

■u Hirai ■■: Up r«5iii niyl pi. tlii iBlniMh In per’ormnH 
mil -tlna f rtH iha inMnO itincl Kdtfl "WJPMnj^hlr LmrtM+ 
li* -j'.Lll' r -jf 'Jin [!-■<>!-]■; [aHt«:ih Htdilf, 


rf. . *" iS 

r^.fy * r (»- 

4 *t. J 

IIJT l * 

£,. -_v JViHu - 


Khltir 6, 71U14M d- -■' . 

dttldn SulJ Hi|h J.ipJ Ulfil laHBAsi BU.U 011 ..'1 

01 CONFIDENTIAL * 

SECURITY 1 Nl-lf hTt.VIATKJM v. 


Document 37, Letter, Walter C. Williams, Chief, NACA High-Speed Flight Research 
Station, To: NACA, Subject: Increased thrust of the LR8-RM-6 rocket engine, 
August 28, 1952 
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CQN Mffifr fiU 

ji f.l t ■ h. irv jisjitictiyvi 1 tra 


cam-rtf', ullr^rrl. 
vciu'cy Tj 


BiAJfrt* B*rt^ rrt> Ci T*l*s« Ht-atint- 

;■ Tnlr-fraa TIT" ESv-Jh. "i TTFM! riftc-'" :r. 

lW? ,v.'- iflw 

lb) %fr- far hwnBii-'h iirplrt* 1 ‘rnjKi.E l.p■.^Ii£J. , ..UUd 
QtlvIn.-lAi 19K1 -ifrJ'i 

[□) lESFtB JnlSn* Ln Ldft- "m- MM Wu** 1 ?i T#Sil^ 


j r Jr. irmir In Uie rt|nlt Ji TO&rtPt* \hi 
■fc: cllilii JlUJMC-Jim it trr mmL-nr rf th» Elltimh 
Jnft-jtjy U end 1 !h Jth 1 ,-Jnirt Su:-iiTn. i 1 :e»i lit All 
dlml c=iiiti Id Tin ftm It nll.*n . -vi TLnai la U 
(AtJ lir-liLl"! rfn ri 1 niSHaySlLlt ™.-pnr-L 31 

pI'JUll ■ H m I rf |n ■■ 1 itf* jfi nfa! NnHT rtTTI l.hjfl llA-A* 


2. Ewini fair AJjpnMFlim nrn J3.« Wd. Ltili-va 


■| in." nlnmn Iuliru m “rln IT n&Yl-jHJw. 

Jbn njTiu 'ii tp In CiHbTTil IblVh 1= MTHctlui LlLlJ. nifcTDu'. 
■ tnm LuLJhp a. . 1 , WfHI Ifr.-j iti: r» ! j . *ll Llin plttrt 
: r.i^i in! pc* ten nr t« ten^ fiW l-HTBlfW ul*h T** pntinn .1 

WlH-.tjTj priMjp'4KII in ‘Jin u-LdJi!LiTi IfMKlMn Za 

Shi 5jjr.HH Ilf u PfiiEiitJ.Cn In llb;1: c * )J, _ :L ui.Lp L :i Hit 

KM t k - 1 . i. S ]*u .|ym^ 'Mifl' s*ii-;h h-i ; i ™in Lhii 

rui-TLirolln- nbim julb 4 t.l 1 - rur tjclluj. TYdEV 9i]IJ Tr-ialKn LIm 
■(U f nl : ■ ' tidjtu 'EM- jSvjr.r T*!i=n An- Ihln aVM*. il 
j.1 r:-. 'fr dailnrtjLh l* jywl'lrf ntm[i(jpi- zmjr.U fCJ Ul- r'CWH Eli 
Liu aJLiiiuu I nln-jHjHb (b).. II yilTl Jpfni f Jill Jo jl-l'CnJ 
r.ru,-nta nbnidd l:i n.i Ituij il iLu rail'] lant-ln; trd xcnji'bTV ■ 

amt' nr ahmiJil !»i up ullfl till SllTl'ftJ linmPtu In mulnn 

the 1-Lrrw 'rtrlah n^vlr* nunati- ■ 1 1 L ui , 

IdJ ;■■ '■ j. 1.1 “ i'll oltl ' . 1 r. : 1 1 : n 1 iiiIUILj -d ■■-•j.L— - 1 _- - 

nlrr.Lasna. la itk-tM! Jj. Ibi r-i-T-u^l Ln Lhn t^™l, Lcn’.u Hjr 

4 baoti (a Vajct-a in diLinini nTfrilfV tf hI.'-IIT tulfoir-™ "" Lb-" 

! rrjl ‘■.•jTtrnl nLjhJlILy trrl nTnlliliH tlU.nr'rf-rLrtlM ‘11 Lbf EKSJfrt 


CONTI DENTIAL 

ftfrtitmf ISJi'OJf^AriQK 


A55if1Ff> 


Document 38, Letter, Walter C. Williams, Chief, NACA High-Speed Flight Research 
Station, To: NACA Headquarters; Attention: Mr. Clotaire Wood, Subject: Research 
Airplane Panel Meeting, January 2, 1953 
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SECLTrm 


ML* liS HIZ 7 JMH !cl tolr* LMri -'lt Iappu UtIp .1 L!»L,i 
"i'vi 'I - lirr'-OM Jdlpdi'-F! In ha ni.ifl tar th* 
pvtaaita] A«Jtf toitw. It lu Pi^cnj.tvl ThJli fit thf !vn) / 

i PWLf«' Im kril Of -■n-rjl'.id dhTin.fi fci .l’,(S.:1m :f I 

OrfllTnl inJtifcl] tty nr dtapti-ytnr irt ns) row vj-j . ;ln 
iHiifllTiip mi:: h nr» ii=-rt!y tf rUfitlt Udtn^ IL ii not t.iUT. u‘, 
r iL» U— ^.n ' ThlTd MSg-H IIUS 1 illl I. irriiLiVL. itit 

r-Li;h- Iv Cl., r- If ••■««■■ lad. Ihi inrerai ifcnr. if ■t-tualn 

nigh- tali'--, af .TnJ.1 nzntroJ I' 11 : LL ■" ! .: 1 1 1'r r pucfc nr cm 

*"rt Kofi Im vLWiifsrmi to th* m, tih F-h lirplBpj in imn 
pJ-nSwli-pu hfw.cih vrMnijg in 1 . hat 1 Hulii. oul In Wi it, m 

±»L», Eli bfw nub t; 1.*I| | :r.n nt .iur: I Iatj in; Iron. hiwnp. r. 
ninfrfdPr.'M' 0 fti:? Ull l> nnul FI J Ln Lnnirr]lp|- rc>1J Limt j Old. 

T_( JMlil To 'fodlhridn, ■Latrm'Tm, ta ihS.iuIIt lli. .d-d i- J nlc- 
r-mi -11 VI PB-rly <i-|--i la n«3** td -JtlsiK ilp'fpja t= tin hpyijE 
FTThTTin HT thf n- r mhtps. lulu- t.\ m r~=brlM Jr. USfKS'd 

VfiT-fc 'Up ynUhirT i-d ip talar i™d i.? Jin Air f*r.i in l bin 
IT ■J'-iiiM LJ=ii inf im 1 p 1 1 r,-, ■ a n L ni 'TTiiflli pined .Lily. 1 - ii .^.vp'.hI 
Lkii := mil unto "■'■ luju '.l r .L Vi jJ .' Fvnj-r 11 ihp nf^rh ih.t 1 hi J 
i' | nrjgf-7nlr ^|«J r hn l £ miih-j' Lr=-_ ana Fxi^fly £i tfcrfii aiaunzmil |j 
ij-nr.ilr lUttlltyi tilTr.! - - *■ il |T Ip he mi- Ln Ul£<L r "SJj unolil 

M7^n.r to Ul i I llhM I la H .7 FOhiP ijnpaln 

ttitlllTf tt-.v-j-mi wua aaly I z;~ il .ilip ilnA _rj Inn an-L Ip 

talT-c dviM by US"A ‘.hr I-P a i tp ’.Ah ■ - It Lhf AS r F..TP -m-=c nU 

1nnEl*Jljl dunJi'iix-i uf LolhnJqLiii, Lhl p ««£-l bpLlnr h-: 

«OP rflltllLlJpf 71 1 JUC-d Leri i-nc Lj-pa ^iTh: 'tJhJi ■ ehu|=|| tlrrtWM. 

Ih nil 1 utlri. -tot rthlT iptblTlc la-ikw vf murTn ■ in 

Jur -.lai dJrplaji. Ln Lf- ?a|i9ioi r jii it. njivii, 

(d) PfuinTwraL hf An P-S6^ IGT Ai^nJirH'jrt 

J-.fif'. liil'hf-! ...L-.-ja. a i-ac.j-pf Iff! nsrid ijn KKi :|,,*i- 

VhirtOTb iTlhlliriV. U. V>.Mf.T=h AltyTui* r.i.rlu I n-fVi nun 

1 ■ "iriTi L»m I'-m 'f «n F-Vf tTt^'.h. foi- Lti^li^Iitoi 

. ■ ihl IE Lj PTP.I iLitlm. 7t- llilp TTrtt±ii7 tun tan; ‘.lijTi Fm p*fA 

Prdqiyiptpta -TT 1 Ihlp rinut in ac rtif J ar.fwi FH dOLanlia i_i !■ 

Df4nv 


;dT (rlil (m Uii ilaAT alrjLmt-r TVi- data- 

Umi-i Ip Ell PridfKO -.{ pl ■ l.m t* cLLfil-n pact* rt] (r TTKdl5-Wl 
bull rnr ir^ton .!f ih, D-il iaijl -1 lull pt :, •.!■■_,■.■■ I (iutliid^o 
i). rpjf* rKriPjipLiLji *T tfabp piuiJkv! ayrrr, n-f ^1 :.pJi p L 

4, Li *ddi-Jn. TO the a jibrulL- 11 — p.atjAn«l i.-»ive. St 

la F -1 ri'-cti: tt^fc. Lht [It-Apcrmni -xix an 1 ^# rc*»M 7 ^b. 

HrptdT.s vlH bd JdMl«™4 rtar. vVlt EfllT^WJji , B HrtdLrlE 


CONFIDENTIAL 

ITCl'Hin JM-nifMATio^- 



’Jltc rw Imf, Hu 1", in I, it thjfl 
;lpJ ' ; ■ L:w, ™ l !dT ™* idltU in. tra LiBlfcijy 


1-iiSnr‘i- ‘ it . ' i 1 *i*.-j 7tJ E t* i'a^h-Ii iHMoo, 


Confidential 

aki :i ikitt r ft formation 
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UiiiLViSIgtD 


*X%3t 




eutch ra^nra 

laj.jji: me* Orivjjiiiu- tcifis 
urns ',1 el aeaxa, 
^3 ucjm. viaonxi 


■■«. ons 


2? OPT 175 J 


R.-9J. LlPJ^Kam Cal-can; Xirlofl r„ ML, Hfln/OH, 'm 
"in: Tblbf, i'r’ri 'if Xu rx null !r ■ H r XiO-lv-iTk] 

Crftjl nsptrtn In 3WH U-SSd-J f rnzurt -rf 

"■Fc tki Wk" [ Lr -HE-inf l*= r i-iurra (iv V h^i i*SJ 

1. &i f-iTiajiiWt »it 6 TPlbl n m ( 4 ] « rFiin-t IB i-ih.l-urL Fl little 
lb htreby ^teiitud. 

1 . x tsti’ of rrv-d. {7) IlljJibi mr‘ <n trip fat 

n v?‘nl nifllA Ui* tf alinV: iiffirtM, *-dJ FlJn^bi -Mr* 

p,i) itfzfa rr - «z :i*rr.‘ u 3*K. UL Qi£|vt* n*r* ntwi^i tT It 
] mi L LB ■: L I air ht-.n t'_=i:.' Lb) ■!' mil? b} -tr. (a), bt, l. . S. 
C-nunf Inif , L'b KICi ptLut ™ toe U-if-l- 1 ■ .. iiaimr^bbBl 

nLL uliit ifelKSi outi FimS21lirisatL'.:r. tto LiJL'ctCtutLcn ixulullra 
rtucttlnj Urt nli.-mfl JOTb-'-illj nr:m- n: null Cj L K lrt| !!l nlhh 
flirt- h& . brt 'it Ut E-CT TT-r bf> "Kli fi^hL . nj Itolp&l nltb 
LKtilUK uu ’LL) r 'II j+ blh III tb» WrSjtt, 

3l 7t' FlrnL ti> ri lj.l:I» w”m Ijrt Hip Jlx5 bt-DtJ iTJ^nrwr^-.irt 
D .’■-311 jit aniLnr i x to tin ?;zictot Uoto^f tBVIJr rh» 

rirxt CLL&l VuC BtalftlJ ,-bt r™ri*| nli tin Jim,- ITJI «-» 

S-f J tutor -'I- ■! thaol ST, [Oj Durntto- -i LtoLr CUfW 

Bin tnnnl^ iJO, -I Tali ITlLchl lOHlixlKl Midi? nf 

Cbttblnf pitrT. vp teidjnirlBJ lb AlUl 7 UT 2 Bj •PIO'JinrAb 
Mil 3f qh> nziimLiir. J to Ltol-t kxtl-jWF dw?ito 

330J KRt on vh> Jftt OTfitM, 

K. Tin: iRbiH filtii «l liii.Mi f™ b ln^a?h y p 3CVSM rinU 
to f Uf btellklbi b-jUi uu jii nril t^-i-hL i-ilai, iLnyViJ, 

Itij 'J ^ - z l:^- L-.-i T ■■■:■.■ !■■ ,-T "?X'c Jzit -. 11 - »: ■■ 

Lwto -it. Atrab Zl/.fX net, Tf- FLJf=t r .»•■ !vi toll 

nn linti fu <1 toVtl nssim 17,1 *1 Jl (( ai fink to l TkuS Of 1,7 

rtjpt r ta., Ui FMUli :r thil 3 ™ i!r^ h ixiIU 1 HF Of *l>=9l 

0.P7 »b* rxnz m 1 . Fl'lflOC- bi a,b,uptj m| *U tin lOtillb F til, L^n 



-f^ 




Document 39, Letter, Lieutenant Colonel Marion E. Carl, Senior School, Marine 
Corps Education Center, Marine Corps School, Quantico, Virginia, To: Chief, 
Bureau of Aeronautics, Aer-AC-241, Subject: Reports of flights in the NACA D- 
558-11, October 28, 1953 
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L^ir: mU 



EffBKIlfltt 


s*n *1 L0+-S U- r«fj [^Hf-2, if ycet aT 

f jf my dam si ft? IntimJNl War, t ItrliT Lii-iL id JaMt-pJ., eUj-ih:- 

s-truj dit 1 - le££ltUU.llil i- _..lj, LeL EiiB fifxzx Lp -J;n wi.yjp-j K 
tUj TIP rj! J rir.i>:i fl Raft r ■ ' [; >.f fnaytdllin !™« it,': ml . ■ 

LC>k ad Inins ^rlEK.-y rH»inn fvr injt in tiW SW-JUlr. :i-j 
S':-,- 4 h flitjW Hf alndl a an 0 , 

j. Tip Lhirfl 9ELDd^lui flip&i Tin V Ih Ujo Itfll nialll in -uy, r 
u« :*rr'j-i:l hy r«M •'tniy, " ihril JijDfT r«t an] a 

:uuii.B -ili._T.l- pi— In ;jouli Ths ptlPTi Tim i -rf cwim. JL 

^ilai l.lj:1i .-r'l.iii-l eht-i :.-«/$; = ^Hnn DC- "Jlfi i-HH dy-Ltna. 
la L jH D|hLn n..n -! <;■ iVrL TljClLO "in. To-il |iKO fill epiawL 
aiii n-— il ta-»Et_h±rfl mo. I, 7>r- QS^h: jbUrt-Kl, ill iii 

■"I m* icltlEPTiii «,ni irn kje lftpl"! »:th l|w P*3[il a.>uYl. 

ri»3t fJJjl.t h JuJrAtf in zq'fdi Stub Lii Llv rmril l rjj ;,i 1 _j"h t r; ^ 

Sk mis V6 : SIP ilMTun 'd lut I **l Sifidf tlm ni in- Sind <rlp» 
batman. slslc "iilM, xaS Lh» idiot 1 ■ Kvi.iiondy JvS"-,-.-. :ii , j'..ij iu 
Ijii' IruiE poaj LiiL- Bail- iia.vr. Liu a :i“ lJL-li ziu rjii '-in 

; ■ .1 :■ ! r :ri » uLllm Ll- ?!tp ' . ' ■— Li-r-ii.-,' 1 frrip ■-■i-.Eiiqf rraz 
LDd E-M l&OTdl on '.On tC- iii r ilnTi=ii Of III* aJ*tBp id E-J- 

a'- 1"l*- ?:•> -»l. L JU'*0. T'-WO-E-ftJ- 1-ilh Jllpr *£•• 1*4 ■ 
mL out totSLn HiqLiipf'Pi iIIa t t - 1 * 1 . pleco stn,i>ri to ok- Iil 

IP L -l-.Juil : 

Ilia l'Ii-ck : -_ezhi 111 : nil rL CI'I-J r . ILL r. . L t.-ie ee_j-.- ill- II- jl'. 

d, V lu jiii. i - lirii=i: no ala at iLkSH !U,«H .'Jtt. Shu 
rnct-r. nlu^xri T|^-a:=i cpru U.ir. mr.Lil IliILiis 

I JH Elii't iiu p.jiri d.lSiEPirt '. ha [ 1 ir=T.,[Tt L ■ nic'E it '-hi rrj ri. 
u;:iu J at Uia L-'.url ui LI a 4l I J. .l.r! M a THILL'S laSlAkSM DPMAll 

1 *~r 'ti-'I Liiu allaL m u Suq blpjlij ildOj IhL-IU ldvI-ujl-H £LTC£?ii~y 

pel- u-:>ali:nl baMEni: SIS s-1? Slliiildf a !nt«inA» rtijp -a. -LiiL'LpL. 

JlUu- ter iuciDL, fiai Tui riip.Liid.S llw OttltLlI-' 'Aii Hlfl 

ft¥S ar-«ii:i Pitii W.T tn*t ntnLaiP i=iL(a! ti Lip IHJiiUdL' 

iaD lifl k*b. ?XJ. KS! -Jom Sl^Etor l^iu 2o; | uisai Jure: Li Ln':_l J lot 

r.u: ■ r.iri -_u Li. OiOloVat a r r i_' : - 1'L Li pep nr- n 1 -J i 3 r, -he h> 

iECvatlui hf- iup, latulal r-i.1 lift LLI 1 7lS{':‘ It""- :i=li SraL In 
:-.E j; L-'.E I LOlitroliEd. TtiD tJ-O I^hp p5fip*E L: tf» iar Ieoe full 
itch li lip Uldjptij’ JOulOiOS 1? f-Liil KSiV- 'O P-LSd; ' ™r p lii n-,1 iraaLl- 
Etkly affLEl Lip =!--■= r 1*4, ntl thJP <!it u"t 3 lf.lPf>-PnL filtv.a lid 
-ih rkjIj diPE alee r.S claL liw 1ft"iaij! noJ j-iil 

r>jXb it adb or ri-3 1 l- loia -if al t- I'- tl- l* l r i tc l r = HI ni io- 

;:uuuiliL-td Mfeni jllTiT : n lit" flOl anqtpiL nt unt-piiLLiD*!. Ih^i 

->n^ilr r,i I T - :i IH-I, 'Ll-:: :c?". iV9t.|w it:^ ir* p.-W Llab..- 
iLiitr pirn: tl^ rMSrti qi-.t xa’.'-t-r thpO hdlfllB* IV r-" p on Jj: -.0 
raila-pinr ,u pf.EdjL in pj-.t! m -il'StUi. ftillmit* pi (*<1 tiE'*"" 
i’lltuiai na-wr U ;ir-iv>' 1 J E, pj ntHR Sndl Et Llfi UkKUT 
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TllfttJi ii Kill rifiir'- an 


oiAiulj ixtiuw = iTi- In.: ta 1* timlei4 ta uffllfl jultali up ul Li 

mC Virrrt M4UTT-4 ilhnt l>ijUn3uiSTE li z-z i~ ix pruUnil | 

LIU- -llYIKl lai^Hio; OJIp Bid OiK Edl aui ■atBVlJsb!^ ll-a. m.!ii 

pod-.!. -tiiB jpp-.vw;|i u .j! 3i-.l r^i ■ ■■< 70rf-.Lv. Tw*f plYI'/ .. Liar 

Ur? it'» 1 -*t iy MrjlIL? it Kl JrC nr IK 0^1. Hu iTT-T . 

il-U-Tfln • ttidlm" nn 'll#!" IN llmi BJ.-i 1 rnnt. 

7. Tin lIKKl ,11 Kl-tVn ", XJ&yl.t Bill ilidlxr £n mil T'SDpO'W Vi 
lid fituL llli Blhd.it 'An iud TrtulL*. WuIk-Ib nltltljia k t-,s.-.i|ril 
uni riant TO/Hil Jnlt , 

ft . 1th third >11 MAil CIULr fitnftul tTi i lilt aidmmtljl 

tTi v>il lit*- lasilrjt nf -.In ijjfl la Lh* T-J<l iKira) il/lii-i 

iTii CTMiLni crlra Vi Ue njjlt- luttH*' tria t-Kn nf tip 

l '- 1 ■ flioiiit' uidufi-iua n:i.iv thui fiTiiit.'tKi iPCTth; '■!•« 
jiuuil bL ibaiL i:!JC lUUrzl af l'jj.I IJK ► li □ 7Uull JL *n 
^oalrfij. Ll.i lu rjr: ^Lriblu, ■ I : .-J Ljl !’ - 7'. nj l.L '.■_ i'j l. r L !•- 1 
! -ii.v-h - T nr.ln j V ihnrl ll.rjth' fum 1 . hzaE-jOi'. >_Vb [ - 'i jr ■ !.'■-> '.-v 1 
V- _i’ |i-l ir I 'ii.ulJiifi . TivLi rirf hu-rjvl J : I '. - : . : «p 

Lin ni'K tluniiSE Vi llCPl. nWttltr »T<>W "V 

rff f Km dM Hint bU IHdlJlf nlUJ&VP H^ihri d=rxrijy r Thli 

■2« I'm iilAoi i-yfa^h ta it*.' alia* to thr ;r±lrjn r;t*h 

■=bfniil:i r': 1 r'l rur L^ 1 1 ViTtrf tilt- ti if li t 1* ■ T n P'-'l I- to 

|ufM iff BSK.YjnLnrn! n: juiiUj.. ::i rka i.LLiL- Htrt Burn |.:r tin. 

It :iov ih . -.hi' rinlcBLi :. L _ L r 1 . hIkii! ’-'I' fnUL ! r -h ii ■- 

i— Lhjt Hu.LOJ Tint iikllii'.td obi rparn-i) on thi pmii=iBn 
ULn-.mn inllinU I ijvtd it tlih |,C»'«P IK r|r. U'., ir I UP Ilf 
" r V nr.j lL L::1_!lt! |;J_j :. - jBO^IUTf ff Wi ttp f lin. 

J, Tli fmirlU BU iwlr ftf llh: IWh'rf* "f rfvt-lcirH =o«l- 

nn i.piHi i-j uu LLjl ThljKI £11*-;.? -JK r^.“ lO IpuJpI Itn Ki Kill 
L-»rnn «nJ tibi, :i[ ? yb.- iuK' £'- Uutui. iu uii il 

J 4 Li . - : 1. 32.1 X 1 iiM tan Dt>l clJna DL lJTi.ll Bid iilitBlftti IM l 6 bnt 

SE-.KK lift *■■ ntitnh ffltdt n^ili,.’i7 >mi ib3o. rin-;ri; tKii 
JV2tlE ,- ™r «hlny *IP a-Lipi-i Lu U;J|. Ip t Ifrtxr-L^l ^-in J_l l.nL _ . h : 

Bf^irtn-d rrliii tiu Ui-u!: ibi . d'Ull lo HCWtil . IV viialui- -i . 

1 ik bid Lc L .lp oiuLrtl luvILl fCW to l.r.-iib b=1 le nalufrin 
1,1 null la US^P I Jil pL0inii-26n N , J rh l-v .lUin-Tj trkiz Ctpy itr^i 
t,?- 1^ .villi iotffihblVr. Tin- olrcfrflt rslliii I+T*. ejiJ JIsITl t- 
nbrot, VS On uni J'IijUj nt- ibout 1 . : DP Win miMiii ipit in' 

[ _- u':.. i nuiB t= I L - .:-:-. - L' . ; 'Jin Jirii jt al^at 5ff>3 jridr'. ir-e-ai-J. 

►h7s, ion. 

ID. Hit Jir>A L“d i«Ft Ed/Lv4 lid ill. tm i.i.n laixr. 

rid E -20 - .. r '' nt e«ar llPi, flu lEL. oh »;o pi- ■'-iie! 

,l| .llX fiO't btd t-tls M«|V±.ILl- -!_■ Xt 1 it f«-l d 

tUA jj_ Siw I nr “>n pmr.mr r tiKM. ia^1cpjL»f 
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■irri- to rwi-fr-i-- tiro (■!.*;• kw Tilts nil nr In j-.nl t«k ts-.- 
Ilini- r'.i- th'-n rjiflfit. ti** fcrir» firms t; Inline rn IN =<7 
AjOfC - 1 U him " y, tlULHr 


■J |. r Da -c S ft r_l ip □ r u:b f . i|\l,; ■■ 4 frz ii \zr -i--‘ mu ■— mimu'J 

r:m H-Ji Lak-j .1* in Lns^rJ. lJI Ltkl i-?H? Hi: rli^afl tfcjfi HtfM, 

iTHr Ult OfJ rf the h&f ttf rUot ntlbl SLe n]-tH! 
in fl['. r L. r i< sj:olml :iiLJei , *ttr. tbmiith Lht btlp Um 

k*_ L i >0 [Sn ' .ill 1 ' pod u-j* >rrld Hlprki ~ ua iiu ij : | - j — - Un 
iriutm rjlL. Jr. d li:u>L 7 MB fill, iijj cUlt ihl *ini? kxdj ilaKHl 

esisry Izh ■-!!■ lit !**.% iOjlitP rn< i.i-ai "ti i*n- 

-■tnMoi. L _hj iiaesj 1 t-Jocor; nhii the- jab J 7 Ln 1 -yn ni, Jlgr/t kirarA co- 
in?*' 1 U: join- imUL Cint pf-iic Co Hauivjti tre pilot iw 

wiil- alflbi ; L - 11:1 L IJf ii:J -ll jliXOl WV.lJiak ft?!' “iLn- 
uL*, ,,-L-- Ut-lniucb Urn |J1- 1- llld?*-l ’ > -lo-l ..ft alk* Hr, trsun- 
i" J-J: An iLp 1 l! Cuv-.ir mSi. ..-ii fie, kill :11 (lop-' i.v ■>■>?.■.: rr<1 ~J» f-O 

U» -Inr-p i-t te# the. aaIj- Jitaisiit Itm pip ltr't-ini rrfr -h* 

L-xiiL . 1 :. : ilnj.r. nk. ij-.i 'd -! ' Ii ’ ., 

i ’.'ug:j iba. 2 ., 1 uzal 1 . ISn flHt tut '- 5 LT -rfT a.' rjjpr. v - 

=hBftt?w a-puHLraa ;jur=.L 1 LaJ ur nilbli. abAU. 10 U MOCtp. a nl =nr 
1 .-rr.rh 1 - lull set All- M-. lJU aau Lhr= xtlnlbri 1U I (44 CtHTtod 
And IB3 ttPF f 1 — -Ml * 1 n Lh l, D^mbdet lliNHl , Ok t £0 TlfirA fUStt- 
tn a Ml Am till! WI Riuriist nliBU SC- > Mil'll Ii-! !"lr*a I-' «! 

to » . A Ln»ii -•-•■ 1 m la.:* lh, 3 a'. -':it ml , 

li, -lii W-l-IAt Pmlt (J OiSM fl lgirt m.1 r.i ulcLi I nine, -lln 

I itt'lrfi Lfl -,!ri -It*. 'lit— u: IP tttlT^ *FPP, nr 

hovtmn J,n -.la, : ckj - i L mi lAt pLlrt JOFiIfl 0*0 nalttrw 
granx: no- Itin^ndl altMa Ut fOOtplt M 4 T 7 "*al 7 ' 

It-fiLjl, 3 L u b_;Lb 3 a Ife Ut Mil n*JA 

sa likki lull tljilil. Jin : 0 |- A” Ma hhdl bnu!:a< U* 

•lid anlna arta -b: -hlfalnai the iM^l^aivi n»na P'l thoL Ailf lid 
ilu ul' 11 k- K-ji: -U-KiAi kt* poUl’' ■ llBCsrsiii ii tha bad [an 
‘.ht pll 'l- kn .1 PU 4lt terain: ibl kt wJM Vinl Cl 

OtlEl- aia J.j.-ak awl !□ BMlhllC tfl+J i'll* I*j3 up p..i«iisr t ■’. 
au LlfiJjU p*at 1 : t» HUS * -• I'UrKi, ennlr: T ianl:l _iVO liHU 
IblClml aOl OMSW pmCnblr Iv™ haac aalnUIlloa PlflJ nr. 

0 ? UmdiKtrlJ jwairrd xtafcilixar : 0 h> to [a 3 J,,un.l r-aii'j 


'GmfiTKL 
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Slug l r-, d^ilta Iji Still ib. B ,.!afr B-,1 Tirport of 


■rhim lb> a 'lit troll! lur-T* 1 r.FLat-^ a Uuit of Lh* cng-Lnc Icjtr«- 

m*r" h.iili>-n iff •- " a! •!:--• a la.-a «i-‘ "IB ntrj dlfflSirdlt 
tfi «n» tb* 1*.!' "■■■‘df ifrfl - fn n ifiE f* tbc li> ifliarl "Hibhui 
l:. 1 llr.l - rt WIj 

4 .J 1 , rr :n Iji -. 1 * Ilnl'^J L I-n ■ can-.-. Sn ■ ! ■■ ilrvcrtrt fill VtSlrjl 
-i-:.;] id H.-:...:.i!irill| ■■■JLTLItE iSllB 'if# put aP HCakilJi.,ii.lj puSii* 
tli* «ontr*l Is tin [>inmjt T lotting i® lbs pppar £LUi dpkA, 

-Ill ! flnallj till IWftp'l' plttOI 1 raf ■ doij qtliV BO 

lid t ■ 1_ dfl e.v -1 *. -t' MU at Till- iXvaiT-H 1 ! J T ! » --"3 i.i/!u . In 

u-ar.-al 11 Bah f.rlf. 1'ial .'■i>'»'.:Hllll *US1JV "P l|t!llfiilb») 
old PdiJlT UOEtTTli tSb UA 11 F 1 ■ 5 j'I , -*F‘B 3 e'- 1 - 

li' J ttj **■ alnn loLtafpCIU^— 11(1^1, d.U*A.->l aflV.t *ii- , L ulLu 
atpccg ap* ffp-.luiilBrf? Jo'.jiiia* i=. u» na#-ditcli Lu e. ' I aril - j; 

lateral soil lin ini rlsbt in U^h. ilMS-rn iRvirtd 

:■! 'TJI1 u Jlui'ir-Mn 4j In" a(0*Z*lmtti]Ii ill.. 1 . ^=r yi|- r l*iWjl 
nn . Iiiui'i Ib aiy-.jac £ "*3 ippniaatafl.. '-'ill *Dv toolf-JlB SI* 

Elf Uih allnhixtl itTn SV^tlnd tA JpupTlf **0*714 B 
sued IMd CBtHlUiJUD . IpjltM.I-l'T" -if l/cnltti* f 

iarrl ".b* wdlliatlJ-^ ---:■!- r...hi ■; Pint ti: f±f Soull- 

IuUdu Be.- '■twuntaraS l-he'. Sj 3 . i, ijfr.rLt-ji4.EBj fVt»> aL| Hl 1 

■ii nllslrtlr Tooltl** in' nTc:.-i:r jrr»K->cI » in irsi 

■ qd tn th- 1., 'n.i. r. ■ 1 1 . .1 ■ L] I w Lc^lirhLj-' utiLl n i r* a^.vj 1 - *t*'*v .1 

tbdr* aaa n FtTrnr tacibiiia- tc pilrib lip WiAl BiHTtlaiS nqilT'*'] 

P i foirPGrvI Et.tzl Lc ^curlai-acl.- ftt Iftf 1 ! iJlltjhil III! 1 it« 4 ~ 
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Document 40, Memo, Donald R. Bellman, Aeronautical Research Scientist, To: 
NACA Headquarters, Subject: Rocket nozzle extensions used on the LR8 engine for 
the D-558-II, No. 144 airplane, January 25, 1954 
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Document 41, Letter, Ira H. Abbott, [NACA] Assistant Director for Research, To: 
Chief, Bureau of Aeronautics, Department of the Navy, Subject: Results of use of 
the rocket nozzle extensions for the LR8 engine on the D-558-II airplane, February 
3, 1954 
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Document 42, Memo, Marion I. Kent, [NACA HSFRS] Administrative Officer, To: 
Mr. Bonney [NACA Headquarters], Subject: The research piloting experience of Joe 
Walker and Stan Butchart, April 29, 1954 
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Document 43, Letter, De E. Beeler, Acting Chief, [NACA] High-Speed Flight 
Station, To: NACA Headquarters, Subject: Low temperature difficulties with 
hydrogen peroxide in the model D-558-II airplane, July 29, 1954 


142 





C 0 i 1 r r r F W T I A L 


-J l .m i j-ariu-j r - - t I-T-I — ■ I • t i - j 

■in i rjpJ JLi I|«7 j\!2 IdinmtlH, lT£l 7 It., F. H, 

‘i'p.thl'af 1 ill ri , D, ll. 


fcijl 


.A J -p J r 


-yis 


. n'.L „ieL| 


EiV~ivi tc«!a vf Lfta I l|'i,l 1 rtr.-PUPi njiu fit: uau Lc 1 1-" " - 1 
n.-IJTi'V'M i PTf.iiiiillt7 i* 

tr-.- lilt* Hs.r t, tc 11 A^ril 135 £ 

111 7 ■ l L h L L t v uur.p-.-ri l -l| -pel.. 1 IebL Lr.r p , V J vJul n 3. 3j.i| 

iflC* 1^. Hid !Mfl 1&. ^>11*1, 


1, ±«filn^int of Ni L^jEtira] psriitu aJ Uk us-^H ii^jj. r^uia'. 

e^Ltji - '— ' I r . Li. 7 up ■ L Eh Liu L J 1 1 ■ i ; , 1 . 1 j-;.Ld :_3 - 1 u^nu^ihf z::p |.l.p'.,! nr., 

21i?« mrk tp anirv: pricTncni-a j: ipwtjgu IV-Idsv, la-', najar ».i l|i . .[ 
i/.T.33irn:i,4s (.lurj-r^L itpi It :■? ffiLt 4tf iiuipu jrfj-.i 

_,«** matDLH ylll lu rmAf *« lut IW TiTLyr j^rt- wt IUi rivr ft± 

LiiL'j. ji.'Lir^i'.. Ll 1. J nil]:! ilyLiiii lx uji.’itL limU W Uni iiiw iaiuTL|[unit Lin, 


r i mi. k iii* nlpipii^iiiiL f. “..-m. Ji 'nthl .:n full =.. p. . irtd r Y” ■ p r ', ur |T . km 

-.3 iupivvi lp. p /■prfPiciiiiu, fplLit-ill tj . r 3 ± 3-u4ut Jmtl4 u.'. 

IT -J-I JUdtt V-IMir jAmiT, 'biLimi in Ll -- iniii.: -.i » .:u_Jinr 
p J 1 ■.■ ''jin 1 . 1 : 1 3 ! ■ ,-. ^vm hLt, ii ■.■! 1 1 li v Lira L_ — pa zlr^jurx, L^rrlL'an, 

jr-I|IH: Juil'j VAlTBI J_U. UiP L._”l jlp.lM,, £cnurxi=rp. 




-Ill C.C-Jl -11 rj«. ajfcJtar.Lm *•!> r -w.'-iPip I Uiifri ,j ta ISral :v#S 12& mi-Llh -i,-p 
■IqRiu'Lht Lu h ; : ilt'iuji 'll] ■ - L p L_1 }j nx-Lua llul i' Lr. . I , ' L.Z. ■ :pr. c ■ xxti ai 
l ill)ar Ltiiti ii»- rr IT-g? lax. nr Vra-njl- Biin li pnunllt i|;.r i lip 1>H 
pn^jpMMiLt. !wf 1k««>. “■UltlM, ^ak.^:..-ll«p|pC «..V m- 

L«it1 nt S-u ffilj lti. J.LPvi. Tr li Vuliil i? li*-. LLli liiiui uf Li.i i:r:n 
■mill 1ft tf i::rin'jilftrftl.lft nliii in %tm fl |^i pr r £=■»--- . 


'■■ ;i iihrnii Hit i^ua LtflliVprf Lmt tliniM ui iirtii tf inna li*. 
■IJICT M If ’. L -U n hrrjPfU tn ll.i CT Sflt- piSffii. mli|*(. Ti.itf.t Lhniul IhtpMJ'I 
MM jAl/AMnl. Il Mill lu uiinl SJ'/u =--- .ui_u . L l UAL IJIuju Lli'p pi ft 1 
La 'n: _ !. T n.- n^..riirL.i -J i L^niTaniL li nuai'LJLu . i w ~-m 3‘ TjnEiJarn, 

>lih*r - i-.tti ■ = TiiVinf *: w J-pjT-iiTr] j'linr rr i-i > to af '.sis :rj*v. 


j. Tip zt.-'tuVi 4 -E Uiu I V 1 - ju l . :a ili-aj ■! liprkl JUiiL_'_=' lur ...Ilili 

uLa-jiLu i apia-EkLc-au liiuiAl Ip L.jnLiLnL Li till, p a pin :i tit', flapj uj_l i_i Lai a 1 

wi *» =»JL* ii^ ir-iT'rntl? n™ li. irjflLT s*h: J-p w^p 

I’rarnw ■* f'.V» It*, iy plshwr diimifRi p-nu *|i»n* l»r h-rla—lTj :Ha 

li'vnL3:7l, nil 1 ,’cIM^tU' Lid L iiLe !w kh. 1,1 ! rl.r'. Ll. I -s n*l_. 


f=ar 

Pkl. ] 


lot 

.r_. 7a.3jT,un,y j n,J, 

n 0 H I I r ; F. PJ I I f, J, 


hr it 

11 ’ 



Document 44, Letter, B.F. Coffman, Chief, Bureau of Aeronautics, To: National 
Advisory Committee for Aeronautics, Subject: Improved version of the LR8 liquid 
engine for use in the D-558-II airplane, June 2, 1954 
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Chief, Bureau of Aeronautics; Department of the Navy, Subject: Improved version 
of the LR8 liquid rocket engine for use in the D-558-II airplane, July 23, 1954 
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Document 46, Letter, B.F. Coffman, Bureau of Aeronautics, To: National Advisory 
Committee for Aeronautics, Subject: Improved version of the LR8 liquid rocket 
engine for use in the D-558-II airplane, August 11, 1954 
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Document 47, Letter, John W. Crowley, [NACA] Associate Director for Research, 
To: Deputy Chief of Staff/Development, United States Air Force, Subject: Supply 
support for the B-29, NACA Serial No. 137, based at the NACA High-Speed Flight 
Station, Edwards, Calif., August 25, 1955 
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Station, To: Chief, Bureau of Aeronautics, Subject: Completion of the D-558-II 
Research Program, June 17, 1957 
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